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and hydrogen isotopes of gangue silicates and fluid inclusion waters, Miller et al. ( 1995) 
suggested that ore fluids were most compatible with a metamorphic origin. 
Twenty-five 834S values from pyrite, chalcopyrite, sphalerite and galena from the 
Kensington, Jualin, Ivanhoe and Greek Boy prospects were obtained by Miller et al. (1995). 
These data complemented seven isotope values collected by Goldfarb et al. (1991) from 
pyrite from the Kensington, Jualin, and Fremming prospects and chalcopyrite from a 
"pregold-stage" quartz vein in the Jualin Diorite. Although these data show a narrow range 
of 834S values (-5.4 to l.6%0), one outlier to this range of -10.7%0 was obtained from galena 
in the Empire zone of the Jualin deposit. Miller et al. (1995) speculated that the data were 
most consistent with the concept that sulfur was leached from the spatially associated Jualin 
Diorite. 
Reflected light and/or scanning electron microscope studies of the precious metal minerals 
of the Bemers Bay district include those ofKnopf (1911), Eakin (1915) and Leveille (1991), 
in addition to a series of unpublished mining company reports that were summarized in 
Redman et al. (1992). Leveille's (1991) study focused on the geological setting and 
mineralogy of the Jualin deposit. All of these contributions indicated the presence of 
precious metal tellurides in the Bemers Bay district, in addition to native gold. 
In light of the previous geological, mineralogical, and geochemical studies, the present 
investigation includes: 
1. The first district-wide examination of the spatial distribution oftellurides and precious 
metal minerals in the Bemers Bay district. 
2. Paragenetic studies of the hydrothermal vein stages in the Kensington deposit. This was 
done in conjunction with cathodoluminescence studies and carbon and oxygen isotope 
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studies of vein carbonates, and by considering recent reevaluations of the structure of the 
deposit by Caddey et al. (1995) and Redman (1998). 
3. A regional sulfur isotope study to help determine the source and probable nature of ore 
fluids and the genetic relationship, if any, between gold mineralization and volcanogenic 
massive sulfides in the district. In view of the sulfur isotope studies of Goldfarb et al. 
(1989) and Miller et al. (1995), the present study has concentrated on minor occurrences 
in the district in addition to the larger Kensington and Jualin deposits. A further aim of 
the study was to determine whether the light isotope 834S value of -10.7 %0 that was 
reported by Miller et al. is anomalous or whether other isotopically light sulfur isotope 
compositions characterize the district. 
Regional Geology 
Early work by Spencer (1906), Knopf (1911), and Buddington and Chapin (1929) 
described the metamorphosed and polydeformed rocks, which are of sedimentary and 
volcanic affinity, in the northern part of southeast Alaska (Fig. 1 ). These rocks occur in 
terranes that were accreted and obducted to the North American plate during the Jurassic and 
Cretaceous, and subsequently juxtaposed across steep reverse faults during the mid-
Cretaceous (e.g., Gehrels et al. 1990; Rubin et al. 1990; McClelland et al, 1992). 
Deformation, subduction, magmatism, metamorphism, strike-slip motion, and possible 
lithospheric delamination, along with extension and gold deposition also occurred during this 
time (Coney, 1989). 
The Wrangellia superterrane in southeast Alaska consists of the Peninsular, Wrangellia 
and Alexander terranes (Fig. 1 ), which were joined together prior to mid-Cretaceous 
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accretion to the Yukon-Tanana and smaller terranes including the Taku terrane (Goldfarb et 
al. 1993). The Gravina belt is a Jurassic-Cretaceous group of volcanic and elastic 
sedimentary rocks that may have formed in an intra-arc or back-arc setting (Samson et al. 
1991). Early- to mid-Cretaceous magmatic activity resulted in the emplacement of a group 
of 105 to 90 Ma plutons into the Taku terrane and Gravina belt in northern southeast Alaska. 
One of these plutons, the Jualin Diorite, is host to most of the gold mineralization in the 
Bemers Bay district. Plutons that comprise a northwest-trending tonalite sill were emplaced 
along a steeply-dipping ductile shear zone at about 70-55 Ma. The plutons were then uplifted 
and affected by post-thrusting transpressional-related tectonic activity (Drinkwater et al. 
1993). Plutons and stocks of the Coast Range batholith in the Juneau area range from about 
49 to 53 Ma. The rocks are granitic in composition and intrude Late Cretaceous to early 
Tertiary schist, gneiss, and migmatite, which are likely the metamorphic equivalents of the 
Alexander-Wrangellia terrane (Drinkwater et al. 1993). The Coast Range batholith may 
have formed during a post-thrusting period of either a slight extensional or transtensional 
(Crawford et al. 1987) or transpressional to extensional (Brew et al. 1991) stress 
environment, following crustal thickening associated with emplacement of the tonalite sill. 
Gold mineralization along the Juneau gold belt (including the Alaska-Juneau, Treadwell 
and Sumdum districts) formed between 56.5-52.8 Ma, and a genetic link has been proposed 
between this veining event, a change in plate motion during Eocene time, and late stages of 
exhumation and plutonism immediately inboard of the Juneau gold belt (Miller et al. 1994). 
All gold mineralization in the belt occurs within 5 km of the Coast shear zone (Goldfarb et al. 
1991). This shear zone was first described by Brew and Ford (1978) as the Coast Range 
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megalineament and consists of a series of localized faults rather than one single continuous 
fault or fault zone (Miller et al. 1995). 
Geology of the Berners Bay District 
Triassic tholeiitic basalt flows of the Wrangellia terrane comprise the oldest unit in the 
Berners Bay district (Gehrels 2000). Many of the shears and dilation zones that host 
mineralization are located in the vicinity of the nearly vertical contact between these basalts 
and the monzodiorite of the Jualin Diorite (Fig. 2). Several sets of felsic dikes are present in 
the basalt near the Johnson prospect. The second oldest unit in the Berners Bay area is a thin 
section of Mesozoic gray phyllite that lies along the southern margin of the Jualin Diorite. 
Adjacent to the diorite, this phyllite is strongly hornfelsed, but it becomes more foliated with 
distance from the contact (Redman 1998). The Jualin Diorite is the oldest of the 
aforementioned suite of mid-Cretaceous plutons that were intruded along the Juneau gold 
belt area between 105 and 90 Ma (Samson et al. 1991). It consists of medium- to coarse-
grained quartz diorite, quartz monzodiorite, and quartz monzonite. Felsic and mafic dikes 
are present in the Jualin Diorite. 
Gehrels (2000) obtained 40 Ar/39 Ar dates of 58 Ma from biotite in the Jualin Diorite and 
suggested that they were the result ofresetting during a hydrothermal event. Northwest-
trending, ductile-brittle, chlorite-schist shear zones within the Jualin Diorite created 
rhombohedral-shaped zones of less deformed diorite (Miller et al. 1995). The age of the 
Jualin Diorite is based upon a U-Pb date of 105±1 Ma from detrital zircons in a 
conglomeratic sandstone that overlies it along its western margin (Gehrels 2000). Felsic 
volcanics and volcaniclastic sedimentary rocks from the Treadwell Formation of the Gravina 
belt unconformably overlie the congiomeratic sandstone, the Jualin Diorite, and the gray 
phyllite. Maroon, green, and black, often carbonaceous, metasedimentary rocks of the 
Treadwell Formation are tightly to isoclinally folded, with axes that plunge moderately to the 
northwest and southeast (Miller et al. 1995). 
The Bemers Bay area is crosscut by two large, northwest-trending shear zones: the 
Gastineau and the Kensington; both of which strike approximately N35-40°W and dip 70-85° 
NE and are splays of the Coast shear zone. The Kensington megashear zone contains three 
main structures: the Orval, Comet, and Lion's Head shear zones (Fig. 2). The Orval shear 
zone ranges from 23 to 156 m wide, and the Comet and Lion's Head shear zones range from 
3 to 16 m wide (Redman, 1998). Gold mineralization in the Bemers Bay district is found 
within second and third order structures that formed off of these shear zones. Some of these 
north- or northwest-trending structures are smaller shears or quartz veins, termed "discrete" 
veins by Miller et al. (1995); the others are discrete veins that contain splays of smaller, 
shallowly east or west dipping veins, termed "network" veins by Miller et al. (1995). 
Caddey et al. (1995) proposed that there were four major events of tectonic activity in the 
Bemers Bay district that began in the ductile regime, encompassed a transition from ductile 
to brittle, and ended in the brittle regime. They also proposed that these events were driven 
by subduction, translation, and transpression. The first event occurred before 110 Ma and 
was ductile plane strain in style. Uplift was caused by thrust faulting and asymmetric folding 
at the regional scale. The second tectonic event occurred at the time of emplacement of the 
Jualin Diorite. It formed ductile shears throughout the region, thereby creating the 
northwest-trending structural zone along which the Jualin Diorite and other plutons in the 
Juneau gold belt were emplaced. This event continued to form faults within the diorite after 
· 11 
it was emplaced. Compression was associated with metamorphism to greenschist facies. 
The third tectonic event occurred between 57 and 55 Ma, and consisted of at least four 
distinct pulses of lateral compression and extension that were separated by brief periods of 
relaxation. Some hydrothermal veins within the Bemers Bay district were emplaced during 
this event,which spanned the ductile-brittle tran~ition. According to Caddey et al. (1995), 
the fourth and final tectonic event ended at 53 Ma and consisted of six distinct tectonic 
pulses. These pulses were brittle plane strain.in style and reactivated pre-existing shears and 
veins. Most deformation was focused within and along the margins of ore zones. Much of 
the thrusting and reverse faulting that occurred at this time is well preserved in the 
Kensington deposit. 
Mineralization and Alteration in the Berners Bay District 
Although most of the gold mineralization at Bemers Bay is hosted by the 105 Ma Jualin 
Diorite pluton, basalts of the Wrangellia terrane host the Ivanhoe prospect and phyllite from 
the metasedimentary Treadwell Formation of the Gravina Belt hosts the Valentine and 
Fremming deposits (Fig. 2). Three main types of sulfide mineralization have been 
recognized in the Bemers Bay district: Early, weak porphyry-style disseminated and vein 
copper which was probably associated with the intrusion of the Jualin Diorite (Leveille 
1991); later 56.5-53.2 Ma mesothermal quartz-carbonate-pyrite gold veins (Goldfarb et al. 
1991; Miller et al. 1995); and possible minor oc9urrences of volcanogenic massive sulfide 
(VMS) mineralization. The quartz-carbonate-pyrite-gold veins are controlled by conjugate 
shears that originate from the Kensington megashears (Redman et al. 1998) and constitute the 
12 
main focus of this paper. The sulfide, telluride, oxide, and native element mineralogy of 
these veins is summarized in Table 1. 
Analytical techniques 
Mineral identification was made with an Olympus BX-60 dual transmitted-reflected light 
microscope and chemical compositions were obtained using an ARL-SEMQ electron 
microprobe. The standards used for the electron microprobe for native elements, tellurides, 
tellurates, sulfides, sulfosalts, and oxides were pure_metals (for Au, Ag, Te, Se, and Cu), 
natural cinnabar (HgS) for Hg and the following synthetic minerals, matildite (AgBiS2) and 
bismuthinite (Bi2S3) for Bi, stibnite (Sb2S3) for Sb, orpiment (As2S3) for As, sphalerite 
((Zn,Fe)S) for Zn, and pyrrhotite (Fe1_xS) for Fe and S. The standards used for carbonates 
were forsterite (Mg2SiO4) for Mg, calcite (CaCO3) for Ca, siderite (FeCO3) for Fe, 
rhodochrosite (MnCO3) for Mn, and celestite (SrSO4) for Sr. The ARL-SEMQ electron 
microprobe employed the PRSUPR data-reduction procedure of Donovan et al. (1992). 
Operating conditions for the microprobe included an accelerating voltage of 20 kV and a 
sample current of 20 nA for native elements, tellurides, sulfides, sulfosalts, and oxides, 
whereas an accelerating voltage of 15kV and a sample current of 15 nA were used for 
carbonates. Compositions of minerals obtained by electron microprobe analyses are given in 
Appendix A. 
Cathodoluminescence studies of carbonates were done utilizing MERC3 :22K and Nuclide 
Corporation (Model ELM2A) cold cathode electron guns mounted on a dual transmitted-
reflected microscope. Both cold cathode guns were operated with an accelerating voltage of 
10-12 kV and a gun current that ranged from 150 to 250 V. These conditions allowed for 
Table 1 Sulfide, sulfosalt, oxide, native element, and telluride mineralogy of prospects in the Bemers Bay district 
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Minerals: Ac acanthite (Ag2S), Al altaite (PbTe), Au gold, Bi bismuthinite (Bi2S3), Bn bomite (Cu5FeS4), Ca calaverite (AuTez), Co coloradoite 
(HgTe), Cp chalcopyrite (CuFeS2), Cu copper, Cv covellite (CuS), El electrum (Au,Ag), Fr friedrichite (Pb5Cu5Bi7S18)/aikinite (PbCuBiS3), Gn 
galena (PbS), Gr graphite, Gt gold tellurate, Hm hematite (Fe20 3), Hs hessite (Ag2Te), Mg magnetite (Fe30 4), Mo molybdenite (MoS2), Po 
pyrrhotite (Fe1_xS), Pt petzite (Ag3AuTe2), Pv pavonite ([Ag,Cu][Bi,PbhS5), Py pyrite (FeS2), Ru rucklidgeite ([Bi,PbhTe4), Sp sphalerite (ZnS), 
St Stuetzite (Ag5_xTe3), Sy sylvanite ([Au,Ag]zTe4), Tb tellurobismuthite (Bi2Te3),Tr tetradymite (Bi2Te2S), Tt tetrahedrite ([Cu,Fe,Zn] 12Sb4S13), 
Vn volynskite (AgBiTe2). 
Abundance: t trace, x <5%, xx 5-15%, xxx > 15% 
Sources: this study; Redman, 1997; and Honea, 1999 
*Lion's Head shear zone (near Johnson) 




optimal viewing ,and photography of luminescent carbonates via the dual reflected-
transmitted light microscope. 
The Kensington deposit 
Seven mineralized zones have been identified and include (Redman 1998): Zone 10, Zone 
20 ( a southern splay of Zone I 0), Zone 30, Zone 41, Zone 44 ( a down dip extension of Zone 
41 ), Zone 45 ( a lateral extension of Zone 41) and Zone 50 ( a deep splay of Zone 10) 
(Fig. 3). These zones, up to 500 ni long, 70 m wide, and up to 700 m of dip length, consist of 
overprinting biaxial vein sets that have characteristic orientations. Individual veins form as 
extensional, ladder, centipede, and cymoid loop structures (Redman 1998). 
Miller et al. (1995) proposed the emplacement of three stages of auriferous veins followed 
by a fourth stage of quartz-ankerite vein whereas Caddey et al. (1995) suggested seven stages 
of vein emplacement at Kensington (three of which were gold-bearing) based upon 
crosscutting relations, vein orientations, and differences in vein compositions. Redman 
(1997) adopted Caddey et al.'s (1995) sequence of vein stages. However, recent 
underground mapping by Redman (1998) suggested to him that there were four stages of vein 
emplacement, one of which was gold-bearing (stage three), which were preceded by a late 
magmatic set of epidote-quartz-calcite-chlorite veins (Table 2). Furthermore, Redman's 
(1998) final hydrothermal stage included ankerite, calcite and quartz, in contrast to Miller et 
al. 's (1995) final hydrothermal stage, which contained ankerite as the only carbonate, and 
quartz. We have adopted the hydrothermal vein stages of Redman (1998) here. Examples of 
vein stages 1 to 4 are shown in Figs. 4a-f. The incomplete replacement of a stage two vein 
by stage three vein is relatively common (Fig. 4b ). Relationships like this are common 
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Fig. 3 Geologic plan view of the 850 and 2050 levels of the Kensington deposit and other veins. Sample 




Table 2 Hydrothermal vein stages at the Kensington deposit (from Redman, 1998) 
Late magmatic 
1. Epidote-quartz-calcite-chlorite 
Beginning of Kensington hydrothermal event 
Pre-gold-bearing hydrothermal stage 
2. Calcite-chlorite±quartz±pyrite-- most are west-dipping, straight, sharp-walled 
Structures or irregular pinching and swelling veins. 
Gold-bearing hydrothermal stage 
3a. Quartz-pyrite-relict calcite/chlorite±calcite-- discrete veins filling shears, 
Extensional stringers, en echelon ladder veins, centipede structures and 
Tension gashes. 
3b. Sheeted quartz-pyrite±relict calcite veins-- crosscut stage 3a, strongly 
sheeted, brittle veins. 
Post-gold-bearing hydrothermal stage 
4. Ferroan dolomite±calcite±quartz-- most fill east-dipping en echelon fractures, 
crosscut and replace stage 3 veins. 
17a 
Fig. 4 Hydrothermal vein stages in the Kensington deposit. The Jualin Diorite is the 
host rock in all cases. a Pre-ore, stage 1 epidote-quartz-calcite-chlorite 
alteration on edge of aplite dike. b Stage 2 calcite-chlorite±quartz±pyrite 
partly replaced by stage 4 veins. c Stage 3a quartz-pyrite-relict calcite/ 
chlorite±calcite vein partly replaced by stage 4 veins. d Stage 3a vein crosscut 
by a stage 4 ferroan dolomite±calcite vein. e Stage 3a vein partly replaced by 
stage 3b sheeted quartz-pyrite±relict calcite vein that was, in turn, replaced by 
stage 4 veins. f Stage 3a veins crosscut by stage 4 veins. Scale bar = 15 cm. 
17b 
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because of the reworking of previous zones (veins, shears) along faults. Stage 3 veins are 
either replaced (Figs. 4 c,- d, and e) or crosscut by stage 4 veins (Figs. 4e and f). The mineral 
paragenesis for the Kensington deposit is given in Fig. 5. 
According to Wiggins (1997), potassic, propylitic, sericitic, albitic, and ankeritic alteration 
characterizes the hydrothermal alteration associated with the Kensington deposit. Redman 
(1998) identified six types of alteration by sub-dividing the propylitic alteration into chloritic 
and carbonate alteration types. Late magmatic or deuteric potassic and epidote alteration 
may be up to 1 m wide and grade into pegmatitic bodies. Carbonate alteration is the most 
widespread style of alteration and extends up to 3 m from auriferous veins (Miller et al., 
1995). Based on cathodoluminescence and electron microprobe studies (see later), 
carbonates consist of calcite and ferroan dolomite. Alteration of plagioclase to sericite, the 
replacement of augite by hornblende, and biotite by chlorite, as well as the formation of 
albite rims on plagioclase in the"Jualin Diorite characterizes sericitic, chloritic, and albitic 
alteration. The presence of late-stage ferroan dolomite around veins typifies ankeritic 
alteration. 
Polished-thin section studies of samples of stage 3 veins collected from the 850 and 2050 
(ft) levels at the Kensington deposit as well as the discovery outcrop at an elevation of 
approximately 1000 m suggest that native gold (Fig. 6), calaverite (AuTe2, Figs. 7a and b), 
and petzite (Ag3AuTe2) are the most common gold-bearing minerals present, with calaverite 
being the most abundant followed by native gold. Petzite is relatively rare by comparison to 
the other two minerals. Native gold and calaverite occur as inclusions up to 40 µm in length 
and as fracture fillings (up to 100 µmin length) in pyrite or chalcopyrite, and along healed 
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Fig. 5 Paragenetic sequence for the Kensington deposit · 
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Fig. 6 Compositions of gold and electrum from deposits and prospects in the Bemers Bay 
district 
21a 
Fig. 7 Photomicrograph in reflected light and one hand-specimen. a Calaverite 
(Ca) in and along margins of pyrite (Py). Note the presence of gold 
tellurate (Gt) in fractures of calaverite (Kensington deposit, SG97-60). b 
Calaverite (ca), gold tellurate (Gt) and coloradoite (Co) in fractured 
pyrite (Kensington deposit, SG97-56c). c Petzite (Pe) associated with 
chalcopyrite (Ch), native gold (Au) altaite (Al) and tetrahedrite (Te) 
along margin pyrite (Py) grain (Horrible prospect, SG97-121 a). d Hand 
sample of native gold (Au) and petzite (Pe) in stage 3 quartz (Qu) from 
the Horrible prospect. e Native gold (Au) and calaverite (Ca) in fractures 
of pyrite (Py) (Elmira prospect, SG98-197). f Inclusions of calaverite (Ca) 
in petzite (Pe) and chalcopyrite (Ch) in pyrite (Py) (Silver zone of Elmira 
prospect, SG98-13). g Galena (Ga) and electrum (El) in quartz ( dark 
gray) (Jualin deposit, SG97-97). h Chalcopyrite (Ch), sphalerite (Sp), and 
galena (ga) inclusions in massive pyrite (Py) (Fremming prospect, SG97-
80). Scale bar= 5 µm. 
21b 
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as inclusions in pyrite and, in places, it occurs in contact with calaverite and native gold. 
Note that hessite and calaverite nowhere coexist. Trace quantities of coloradoite (HgTe) 
(Fig. 7b) and altaite (PbTe) (Fig. 7c) are also present in stage 3 veins. ·Rare inclusions, 1-3 
µmin size, of tellurobismuthite (Bi2 Te3) were also identified in a fracture of pyrite in contact 
with native gold and tetrahedrite. 
Pyrite is the most common sulfide in the deposit followed by minor amounts of 
chalcopyrite. Galena, sphalerite, molybdenite, digenite, bomite, and pyrrhotite occur in trace 
amounts generally as inclusions up to 10 µm in diameter in pyrite. The only sulfosalt yet 
reported fromthe Kensington deposit is zincian tetrahedrite, which contains 5.9 to 6.8 wt.% 
Zn, 20.4 to 26.0 wt.% Sb, and 2.8 to 7.5 % As. It is deficient in Ag (<0.1 wt. Ag) but 
contains up to 0.3 wt. % Bi (Fig. 8). Representative compositions of native gold and 
electrum, tellurides and sulfides, and tetrahedrite from deposits in the Bemers Bay district, 
including the Kensington deposit, are shown in Tables 3, 4, and 5, respectively. 
Buchan (1987) and Harris (1992) proposed on the basis of optical studies that the rare 
mineral montbrayite ((Au,Sb)2Te3) is a constituent of the Kensington ore. However, the 
optical properties of calaverite and montbrayite are very similar, with montbrayite possessing 
a slightly creamier color in comparison to calaverite. Over fifty electron microprobe 
analyses obtained herein of white gold tellurides in the Bemers Bay district suggest that 
calaverite is the only gold telluride present. 
Harris (1992) identified a "brown, intensely anisotropic mineral" in and along cracks in 
pyrite that he proposed to be a breakdown product of calaverite (Figs. 7a-b ). Qualitative 
energy dispersive scanning electron microscope (SEM) analyses by Harris suggested to him 
that the mineral contains "Au+Te, with Au relatively enriched compared with the unaltered 
23 
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Fig. 8 Chemical variation of tetrahedrite group minerals in the Kensington, Horrible 
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Table 3 Representative microprobe analyses of native gold and electrum 
Wt% 1 2 3 4 5 6 7 8 
Au 78.76 56.86 67.32 92.44 87.07 94.68 80.72 91.76 
Ag 21.58 43.88 32.40 7.14 13.05 6.01 19.77 8.14 
Te 0.05 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.05 0.00 0.00 0.06 0.03 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Zn 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 
Totals 100.42 100.74 99.72 99.65 100.12 100.70 100.54 100.15 
Based on one atom 
Au 0.665 0.415 0.533 0.876 0.785 0.896 0.690 0.858 
Ag 0.333 0.585 0.467 0.123 0.215 0.104 0.308 0.139 
Te 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.001 
Hg 0.000 0.000 0.000 0.000 ·o.ooo 0.000 0.000 0.000 
Zn 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 
1. Electrum, Elmira SG98-67 5. Gold, Jualin SG97-95 1 
2. Electrum, Empire SG97-88 6. Gold, Kensington K-190 
3. Electrum, Jualin SG97-97a1 7. Gold, Thomas SG98-43b 
4. Gold, Elmira SG98-152 8. Gold, Valentine SG98-49c 
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Table 4 Representative microprobe analyses of tellurides and sulfides 
Wt% 1 2 3 4 5 6 7 8 9 10 11 11 
s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.50 20.60 19.10 18.15 17.93 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.22 0.05 0.05 0.05 
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.36 10.38 9.91 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 
As 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Se 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 
Ag 0.00 43.80 60.99 . 0.00 0.00 9.18 2.33 0.09 0.02 12.40 0.00 0.00 
Sb 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.04 0.00 0.00 0.02 0.00 
Te 59.35 33.20 38.99 40.68 39.21 62.30 45.60 35.06 0.00 0.18 0.08 0.08 
Au 41.09 22.60 0.00 0.00 0.00 29.27 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 60.68 0.00 0.00 0.00 0.00 0.26 0.09 0.00 0.00 
Pb 0.00 0.00 0.00 0.00 61.71 0.00 8.50 0.00 0.99 1.82 31.04 31.04 
Bi 0.00 0.01 0.00 0.00 0.00 0.00 43.96 59.94 76.84 64.96 38.57 38.57 
Total 100.44 99.61 99.98 101.36 100.92 100.75 100.55 100.63 100.22 99.31 98.29 98.21 
No. of 
Atoms 3 6 3 2 2 6 7 5 5 9 18 18 
s 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.168 3.080 5.140 9.560 9.549 
Fe 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.105 0.007 0.016 0.015 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.022 0.048 2.758 2.664 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.000 
As 0.000 0.000 0.000 0.000 0.000 0.000 . 0.000 0.000 0.000 0.000 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.031 0.000 0.000 
Ag 0.000 3.118 1.950 0.000 0.000 0.710 0.240 0.006 0.001 0.992 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 ·0.010 0.002 0.000 0.000 0.003 0.000 
Te 2.070 1.999 1.050 1.030 1.010 4.050 3.970 1.871 0.000 0.012 0.010 0.000 
Au 0.930 0.882 0.000 0.000 0.000 1.240 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.970 0.000 0.000 0.000 0.000 0.006 0.004 0.000 0.000 
Pb 0.000 0.000 0.000 0.000 0.990 0.000 0.450 0.000 0.023 0.076 2.531 2.564 
Bi 0.000 0.001 0.000 0.000 0.000 0.000 2.330 1.953 1.763 2.682 3.117 3.199 
1. Calaverite, Johnson SG98-26b 7. Rucklidgeite, Valentine SG98-67c2 
2. Petzite, Ophir SG97-60 8. Tetradymite, Valentine SG98-67 
3. Hessite, Comet SG97-79b 9. Bismuthinite, Valentine SG98-72 
4. Coloradoite, Kensington SG97-60 10. Pavonite, Valentine SG98-68 
5. Altaite, Horrible SG97-121a 11. Friedrichite/aikinite, Valentine, SG98-80 
6. Sylvanite, Elmira SG98-28 
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Table 5 Representative microprobe analyses oftetrahedrite 
Wt% 1 1 2 2 3 3 4 
Cu 39.08 39.73 37.18 37.41 37.17 35.42 40.18 
Ag 0.14 0.17 0.62 0.87 0.05 0.00 0.08 
Fe 0.36 0.43 0.35 0.44 0.77 3.84 0.53 
Zn 7.62 7.45 7.30 7.27 7.11 6.74 6.69 
Sb 22.76 20.69 26.95 26.83 25.94 21.19 24.75 
As 5.33 6.35 1.73 L63 2.18 4.36 3.42 
Bi 0.00 0.13 0.26 0.34 0.63 0.81 0.22 
Te 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Au 0.00 0.00 0.65 0.11 0.17 0.00 0.08 
s 25.96 25.65 25.77 25.67 24.63 27.50 23.53 
Totals 101.26 100.59 100.80 100.58 98.66 99.86 99.49 
Atomic proportions assuming 13 S atoms. 
Cu 9.877 10.162 9.465 9.558 9.900 8.449 11.200 
Ag 0.021 0.025 0.093 0.130 0.008 0.000 0.013 
Fe 0.104 0.125 0.101 0.129 0.233 1.042 0.168 
Zn 1.872 1.852 1.806 1.806 1.841 1.563 1.813 
Sb 3.002 2.762 3.580 3.578 3.606 2.638 3.601 
As 1.143 1.377 0.374 0.353 0.492 0.882 0.808 
Bi 0.000 0.010 0.020 0.027 0.051 0.059 0.019 
Te 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Au 0.000 0.000 0.053 0.009 0.015 0.000 0.007 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
I. Comet SG97-79b 
2. Horrible SG97-121a 
3. Kensington SG97-1 
4. Kensington K-190 
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form (i.e. calaverite)." Quantitative electron microprobe analyses and elemental mapping of 
this mineral obtained herein suggest that the mineral contains Au, Te, and O and is a gold 
tellurate rather than a gold telluride (Table 6). Compositions range from 73 to 88 wt. % Au 
and 7 to 25 wt.% Te. The low totals suggest oxygen contents of 3 and 9 wt.%. Unfortun-
ately, electron microprobe and SEM analyses do not allow for the determination ofH. 
Therefore, it is uncertain whether water or hydroxyl molecules are an integral component of 
the mineral. However, regardless of the presence or absence ofH, it is likely that the 
tellurate is a previously unidentified mineral. 
Two gold-tellurium oxides (Au2 TeO3 and Au2 TeO6·2H2O) have been described by Tian 
(1994) from the Dongping deposit, P.R. China, but are not officially recognized by the 
International Mineralogical Association. Electron microprobe analyses of the gold tellurium 
reported herein shows variable Au:Te ratios of 2 to 8. Slight variations in shades of gray 
observed in elemental maps of Au, Te and O using a scanning electron microscope and back-
scattered electron images support the view that the mineral has a variable composition or that 
it is an intergrowth of more than one gold tellurate. 
Eureka vein 
The Eureka vein, located approximately 200 m west of Zone 10 and 30 of the Kensington 
deposit, is up to 7 m wide (averaging 3 m) and occurs in a probable right-lateral reverse 
dilation zone. The average gold grade is ab.out 3 git. The Eureka vein shows a paragenesis of 
four hydrothermal vein stages that closely resembles that at the Kensington deposit. 
However, in stage 4 veins in the Eurek~ vein, disseminated gold-poor pyrite is present in 
diorite adjacent to stage 4 quartz-ferroan dolomite±calcite veins rather than in stage 3 veins 
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Table 6 Representative microprobe analyses of gold tellurate (Kensington deposit, sample 
92-007X) 
Point 2 3 4 5 6 7 8 9 10 Avg. 
Au 84.68 85.05 88.36 85.32 80.21 75.87 77.59 76.16 64.96 72.48 79.07 
Te 8.09 9.06 6.93 9.43 15.12 19.14 13.99 17.24 25.17 17.67 14.18 
Ag 1.36 1.17 1.27 1.39 0.83 1.11 0.89 1.07 0.91 0.92 1.09 
Bi 0.36 0.00 0.31 0.05 0.07 0.00 0.16 0.16 0.00 0.00 0.11 
Fe 0.29 0.43 0.36 0.31 0.09 0.03 0.05 0.12 0.03 0.05 0.18 
Sb 0.23 0.22 0.18 0.25 0.23 0.26 0.46 0.28 0.18 0.17 0.25 
0 4.99 4.08 2.60 3.25 3.46 3.59 6.84 4.98 8.76 8.72 5.13 
Total W 100.00 100.01 100.01 100.00 100.01 100.00 99.98 100.01 100.0 l 100.01 100.00 
No. atoms assuming 1 Te atom 
Au 6.780 6.070 8.260 5.860 3.430 2.570 3.590 2.860 1.670 2.660 4.380 
Te 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Ao-;::, 0.190 0.150 0.220 0.170 0.060 0.070 0.080 0.070 0.040 0.060 0.110 
Bi 0.030 0.000 0.030 0.000 0.000 0.000 0.010 0.010 0.000 0.000 0.010 
Fe 0.080 0.110 0.120 0.080 0.010 0.000 0.010 0.020 0.000 0.010 0.040 
s 0.110 0.090 0.100 0.100 0.060 0.050 0.130 0.060 0.030 0.040 0.080 
0 4.930 3.590 2.990 2.750 1.820 1.490 3.890 :Z.300 2.770 3.940 3.050 
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as is the case at Kensington. Although calaverite, petzite, and native gold are present in the 
Eureka vein, like the Kensington deposit, calaverite and native gold are the two most 
common precious metal minerals. 
Horrible and Ophir veins 
The Horrible vein is a massive, up to 7m wid~, north-south trending stage 3 quartz-
carbonate extensional vein that occurs approximately 730 m west of the Kensington deposit. 
This vein contains pyrite, petzite, calaverite, chalcopyrite, galena, and minor native 
gold/electrum, tetrahedrite, pyrrhotite and altaite (Fig. 7c). Electrum and petzite·occur in 
approximately equal proportions as inclusions in pynte. In places, spectacular intergrowths 
of visible electrum/native gold and petzite (up to 2 mm in length) occur as isolated grains in 
quartz (Fig. 7d). Calaverite is farless common than petzite in the Horrible vein and differs in 
this respect to its abundance in the Kensington and Eureka deposits where calaverite is by far 
the most common gold-bearing mineral. In the Horrible vein, petzite occurs as inclusions in 
contact with pyrite, chalcopyrite, calaverite, electrum, tetrahedrite or altaite, and in fractures 
in quartz. Tetrahedrite is similar in composition to that from the Kensington and Comet 
deposits but contains more Ag than both of these occurrences (0.62 to 0.87 elemental 
percent). Galena, up to 0.7 cm in diameter, occurs in trace amounts but is interspersed 
throughout ore in the Horrible vein. It contains up to 1.3 wt % Bi and 0. 7 wt. % Se (Table 5, 
Fig. 8). 
Five north-trending pyrite-bearing quartz veins are located west of the Horrible vein along 
the main tunnel at the 850 level. One of these veins, located at 1850 feet east of the portal 
entrance, may be the downward extension of the Ophir vein that crops out on the surface 
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(Redman et al., 1997). The Ophir vein contains pyrite, galena, and chalcopyrite, and trace 
quantities of native gold, calaverite, petzite, hessite, altaite, and coloradoite. 
Elmira and Johnson veins 
Veins of the Elmira prospect are controlled by the Elmira fault, a structure that is 
continuous for approximately 24 m along strike and 580 m down dip. Vein zones extend up 
to 32 m from the Elmira fault and contain individual veins up to 1.3 m wide. Like that at the 
Eureka deposit, the paragenetic sequence identified at the Elmira deposit superficially 
resembles that of the four-stage sequence observed at the Kensington deposit. Stage 2 and 4 
veins at Elmira,differ from those at Kensington in that stage 2 veins contain gypsum in 
addition to quartz, calcite, chlorite and pyrite, and stage 4 veins consist of quartz, pyrite and 
K-feldspar, as well as ferroan dolomite. Although native gold, electrum, and calaverite are 
present in the Elmira deposit (Fig. 7 e ), petzite is the most abundant precious metal mineral. 
Trace amounts of sylvanite ((Au,Ag)2Te4), volynskite (AgBiTe2), hessite (Ag2Te), 
coloradoite, and altaite were also identified in the Elmira deposit, the first three of which 
have not been reported previously in the northern part of the district. Sylvanite is found in 
fractures in pyrite but not in contact with any other tellurides. Volynskite is present as 
abundant traces in several of our samples. It is found within fractures of pyrite, often in 
contact with petzite, hessite and altaite. A zone of precious metal mineralization along the 
western edge of the Elmira fault is locally referred to as the "Silver Zone" due to high assays 
of silver. The only silver-rich mineral present in this zone is petzite (Fig. 7£). Calaverite, 
tetradymite, and covellite also occur in trace amounts in the "Silver Zone." 
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The Johnson vein is located 70 to 130 m east of the Elmira vein and is a combination of a 
shear hosted Horrible-style massive quartz vein and Zone 44-style local dilations (Redman 
1998). In the Johnson prospect, calaverite is the most common gold-bearing mineral. 
Petzite, native gold, hematite, and sphalerite occur in trace amounts. Pyrite and chalcopyrite 
are the most abundant sulfides at Johnson. 
The Jualin deposit 
The Jualin deposit consists of several quartz veins, up to 7 m wide and 350 min length, 
which are cut by sub-horizontal, extensional, gold-bearing quartz veins that are up to 15 cm 
wide. The deposit is spatially and genetically related to the Jualin shear zone, which in turn 
forms part of the larger Comet shear zone. Along with the auriferous vein style of 
mineralization, Leveille (1991) recognized an early porphyry copper-style mineralization in 
the Jualin Diorite that contains magnetite, bomite, chalcopyrite, pyrite, quartz, carbonate, and 
albite. According to Leveille, sulfide, sulfosalt, native element, and telluride mineralogy of 
the vein-style mineralization is composed of massive to disseminated pyrite, chalcopyrite (3-
5% ), sphalerite, galena, glaucodot ((Co,Fe)AsS), native gold, hessite, petzite, and sylvanite. 
He suggested that pyrite, quartz, carbonates, and albite formed early, followed by a quartz, 
sphalerite, glaucodot, and chalcopyrite stage. Native gold, galena, gold-silver, and silver 
tellurides formed during the final stage. Although glaucodot, sylvanite, and hessite are yet to 
be identified in the samples we have studied, calaverite, electrum, altaite, and pyrrhotite were 
recognized for the first time. Electrum (Fig. 7g), native gold, and petzite are the most 
abundant gold-bearing minerals in the deposit, however calaverite is also common. Petzite 
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and electrum occur as inclusions or fracture fillings, up to 10 µm in length, in pyrite, galena 
and chalcopyite. A paragenetic sequence for the Jualin deposit is shown in Fig. 9. 
Leveille (1991) suggested that late-forming ankerite is the primary carbonate associated 
with gold-bearing quartz veins. This observation was based on Fe-staining of wall rocks near 
veins, the presence of tan-colored (presumably iron-bearing) carbonates that possess a high 
index of refraction and have curved cleavage planes in thin section, and five electron 
microprobe analyses of carbonates in one sample (2-125). Leveille (1991) suggested that 
ankerite (rather than calcite, as in the Kensington deposit) is the primary carbonate associated 
with gold-bearing quartz veins at the Jualin deposit. Three analyses of ferroan 
dolomite/ank:erite and one each of calcite and siderite were also obtained by him. Electron 
microprobe and textural studies of carbonates in the present study show that calcite occurs in 
contact with the precious metal mineralization. Although ankerite (> 13.5 wt. % FeO) is 
more common than calcite, textural studies suggest that ankerite formed later than gold 
mineralization and has replaced calcite. A ternary plot of carbonate compositions in terms of 
Ca, Mg, and Fe is shown in Fig. 10. 
Empire deposit 
The Empire deposit consists of a series of elongate to irregular bodies adjacent to the 
Orval shear zone that occur at an angle of approximately 15° to the contact between the 
Jualin Diorite and the Treadwell Formation (Redman, 1999). It is unusual by comparison to 
most of the other deposits in the Bemers Bay district in that it is associated with a pervasive 
alteration zone that extends laterally over 15 m. Most deposits in the district are generally 






























Stage 1* Stage 2** 
*porphyry mineralization (Leveille, 1991) 
**"early" stage of Leveille (1991) 
***"mid-to-late" stages of Leveille (1991) 
Fig. 9 Paragenetic sequence for the Jualin deposit 
























Fig. 10 Ternary plot of carbonate compositions in terms of Ca, Fe and Mg in the Bemers 
Bay district 
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quartz-sul~de veins. Redman (1999) reported that extensive early albite alteration was 
strongly overprinted by quartz-sericite alteration that was subsequently overprinted by 
carbonate alteration. The last stage of alteration is confined to fractures and vein selvages 
and, based on a red-orange weathering color, is likely to be ferroan dolomite or ankerite. 
Quartz-carbonate veins contain pyrite, chalcopyrite, galena, pyrrhotite, sphalerite, 
molybdenite, electrum, petzite, hessite, altaite, and acanthite. Particularly significant is the 
presence of electrum and pyrrhotite. Although pyrrhotite is identified herein for the first time 
in the Horrible, Jualin, Fremming (see below), and Empire deposits, that in the Empire 
deposit is unusually coarse (0.2 mm) by comparison to that in the other deposits where it is 
generally < 10 µm in length. Electrum occurs as inclusions up to 10 µm in length in galena 
and chalcopyite. 
Valentine and Fremming deposits 
The Fremming and Valentine deposits are located in the southern part of the district in 
phyllitic metavolcanics of the Treadwell Formation along the southwestern margin of the 
Jualin Diorite. Redman (1983) and Leveille (1991) interpreted the Fremming and Valentine 
deposits to be small volcanogenic massive sulfide deposits whereas Knopf (1911) considered 
them to be extensions of the Jualin vein system. They contain a significantly higher 
proportion of base metal sulfides than any other deposits in the district. Newberry et al. 
(1997) reported that the Fremming deposit contains 30,000 Mt of ore grading 0.3% Cu, 7% 
Zn, 0.5% Pb, 1 oz/t Ag, and 0.24 oz/t Au. The Fremming and Valentine deposits consist 
mainly of disseminated pyrite and thin, stratiform lenses of pyrite and chalcopyrite with trace 
amounts of pyrrhotite, electrum, petzite, hessite, and secondary covellite. Unlike all other 
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gold occurrences in the Bemers Bay district, these deposits do not occur in quartz-carbonate 
veins. Electrum occurs as inclusions 1-10 µm in length in galena, chalcopyrite, and pyrite in 
both deposits. In addition to gold, the Fremming deposit contains petzite as inclusions or . 
fractures in pyrite and sphalerite as well as moderate amounts of galena and sphalerite, and 
trace amounts of altaite and tetradymite. In contrast to the Fremming deposit, the Valentine 
deposit is devoid of galena and altaite and contains less sphalerite. However, Valentine ores 
contain trace amounts of bomite, bismuthinite (Bi2S3), tetradymite (Bi2 Te2S), and pavonite 
((Ag,Cu)(Bi,Pb)3S5) (see Table 4) as inclusions (up to 5 µmin length) in pyrite. A mineral 
with a composition intermediate between aikinite (PbCuBiS3) and friedrichite 
(Pb5Cu5Bi7S18), though closer to that of friedrichite (Table 4), is present in the Valentine 
prospect. 
Comet, Thomas and Seward deposits 
The Comet deposit consists of two north-striking quartz veins in the Jualin Diorite that is 
bounded by the Comet shear. It has produced >22,000 oz Au, much of which was mined 
from localized high-grade zones that contained up to 2,400 oz Au. The veins contain minor 
amounts of sulfide and carbonates. Where present, carbonates are commonly interlaminated 
with quartz in a manner similar to that observed in the Horrible and Ophir prospects. Narrow 
0.1 to 10 cm wide quartz-ankerite-pyrite and quartz-calcite-chlorite veins are also present 
(Schaff 1993 ). According to Schaff (1993 ), the hydrothermal veins contain pyrite, native 
gold, galena, chalcopyrite, tetrahedrite, and molybdenite. Mineralogical studies herein 
indicate that petzite and hessite also occur in the ore. Electron microprobe studies show that 
galena contains up to 0.4 wt. % Bi and that the tetrahedrite is zincian (7.3 to 7.6 wt.% Zn, 
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20.7 to 22.8 wt.% Sb, 5.3 to 6.4 wt.% As) (Fig. 8). Like that in the nearby Thomas and 
Seward veins that are also bounded by the Comet shear zone, chalcopyrite and galena (up to 
1 cm cubes) are locally common, and electrum is the precious metal rather than native gold. 
The fineness of electrum in these three prospects shows a narrow range of 686-720. 
Although hessite occurs in the Thomas vein, no other tellurides have been identified in the 
Thomas or Seward veins. 
Cathodoluminescence Study of Vein Carbonates 
Cathodoluminescence (CL) studies have been used to correlate carbonate stages across 
mining districts, to investigate the carbonate paragenesis of an ore deposit, to examine 
changes in fluid chemistry with time, and to examine porosity development and mineral 
occlusion (Hayward, 1998). Cathodoluminescence is activated in most natural carbonates 
where Mn2+ substitutes for ca2+, and is quenched by the presence ofFe2+, Ni2+, Co2+, and 
Zn2+ in the carbonate structure (Schulman et al. 1947; Sommer, 1972a; Fairchild, 1983; Ten 
Have and Heijnen, 1985). The ratio ofMn2+ to Fe2+ is likely to be the most important 
influence on quenching, although the reported concentrations of Fe and Mn at which 
quenching occurs vary considerably (Fairchild, 1983). Sommer (1972b) reported that the 
presence ofMg2+ is responsible for the red CL color of dolomites and for the redder 
appearance of some calcites. 
Cathodoluminescence studies have been used in conjunction with electron microprobe 
analyses in the present investigation to determine variations in carbonate compositions with 
paragenetic stage (particularly at the Kensington deposit) and to evaluate whether carbonate 
stages identified at the Kensington deposit can be correlated with carbonate stages elsewhere 
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in the Bemers Bay district. Cathodoluminescence studies were conducted on 53 polished 
thin sections of carbonate-bearing hydrothermal veins in the Kensington, Empire, Jualin, 
Johnson, Horrible, Ophir, Mexican, and Elmira deposits, the Lion's Head Shear Zone and the 
easternmost fault in the Kensington deposit. 
Results of cathodoluminescence study 
Fresh and weathered samples of calcite in the Bemers Bay district are white to cream in 
color and are distinct from ankerite and ferroan dolomite that are, in general, rusty brown in 
weathered samples and pale pink to cream colored in fresh samples. Cathodoluminescent 
colors of carbonates from the district include yellow, orange, dark orange, red. Compositions 
obtained by electron microprobe analyses (Fig. 10) suggest carbonates that luminesce yellow, 
orange, and dark orange colors are calcites but become more orange in color with increasing 
Fe and Mg contents (Table 7). Dark orange varieties contain up to 2.51 wt. % FeO and 3.46 
wt. % MgO. Slight variations in MnO contents do not appear to affect these colors. Red and 
black luminescent varieties of carbonates are dolomite and ferroan dolomite, respectively. 
Although we also analyzed for SrO, it was rarely detected and was thus not responsible for 
differences in cathodoluminescent color. 
Cathodoluminescence studies of 17 samples of stages 2-4 carbonates from the Kensington 
deposit show that stage 2 carbonates exhibit uniform orange to dark orange-red luminescent 
colors consistent with it being calcite (Figs. 11 a, b ). Although most stage 3 carbonates show 
an orange-yellow luminescence with narrow (0.5 to 3 µm), bright yellow rims (Figs. 1 lc, d), 
some stage 3 carbonates are indistinguishable from stage 2 carbonates. These stage 3 
carbonate patterns are consistent with variable degrees of replacement of stage 2 carbonates 
Table 7 Relationship between cathodoluminescent color and carbonate composition 
Color n Cao FeO MgO 
Yellow 26 34.97-38.54 (36.87)* 0.07-0.93 (0.34) 0.34-0.93 (0.52) 
Orange 24 34.24-37.88 (35.99) 0.25-1.24 (0.78) 0.49-1.26 (0.76) 
Dark orange 16 31.89-37.8 (35.60) 0.14-2.51 (0.89) 0.46-3.46 (1.15) 
Red 5 20.66-21.49 (21.15) 0.48-0.96 (0.62) 11.31-11.67 (11.49) 
Black 28 19.72-30.44 (21.44) 1.38-14.93 {§.732_ 2.n-11.23 (6.8ll 
















Fig. 11 Photomicrographs of vein carbonates in plane-polarized light with 
corresponding cathodoluminescent (CL) images. a Stage 2 calcite (Ca) 
and quartz (Qu) under cross-polarized light (Kensington deposit, SG98-
119). b Same view as 6a, CL image. c Stage 3 calcite (Ca) under cross-
polarized light (Kensington deposit, SG98-146). d Same view as 6c, CL 
image. e Stage 4 calcite (Ca), ankerite (An), plagioclase (Pl), and sericite 
(Se) under cross-polarized light (Kensington deposit, SG98-117). f Same 
view as 6e, CL image. g Stage 3 calcite (ca) and quartz (Qu) under plane-
polarized light (Horrible prospect, SG98-129). h Same view as 6c, CL 
image. Scale bars = 10 µm 
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by stage 3 carbonates, which were identified underground at the macro-scale. In stage 4 
veins, bright yellow-orange carbonates are crosscut or overgrown by later-forming, non-
luminescent ankerite and rare ferroan dolomite (Figs. 1 le, f). Other less common stage 4 
carbonates are either completely non-luminescent or they have CL patterns similar to stage 2 
and 3 carbonates. 
Cathodoluminescent images of carbonates at oth'er deposits and prospects in the Bemers 
Bay district show patterns similar to those observed at the Kensington deposit (Table 8). 
However, part of the problem in correlating carbonates on a regional basis relates to the fact 
that only one stage of carbonate, generally auriferous, is present in some of the smaller 
prospects. Whether this single carbonate stage correlates with gold-bearing stage 3 veins at 
Kensington remains uncertain. However, it should be noted that even though ankerite is the 
most common carbonate at most small prospects, orange-yellow luminescent carbonate with 
narrow ( <5 µm in width), bright yellow rims, similar to those observed at the Kensington 
deposit, are present in samples from the Horrible (Figs. 1 lg, h) Johnson, Empire, Jualin, and 
Ophir deposits. 
Stable Isotope Study 
Sampling and analytical techniques 
Samples of sulfide, sulfate and carbonate were collected from surface outcrops, drill core 
and underground localities for carbon, oxygen, and sulfur isotope analysis. For sulfur isotope 
analyses, sulfide separates were converted to S02 by combustion with vanadium pentoxide, 
utilizing the method described by Yanagisawa and Sakai (1983), and anhydrite was 
converted to S02 by combustion with crushed silica. Data are reported in standard o notation 
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Table 8 Carbonate mineralogy and cathodoluminescent characteristics of prospects 
Location n Vein Carbonates CL patterns 
stage present 
Comet 6 cal massive (ie. no consistent patterns or color variations) orange 
Elmira 29 1 cal massive yellow to dark orange 
2 cal massive yellow to dark orange 
3 cal, ank, fd some rimmed (yellow or orange with a darker orange rim), 
some massive yellow to dark orange (calcite), or non-lumines-
cent (ferroan dolomite and ankerite) 
4 ank non-luminescent 
Empire 8 cal, ank most are massive yellow to dark orange; one is yellow with a 
dark orange rim 
Eureka 6 1 cal no CL study 
2 cal no CL study 
3 cal massive yellow to dark orange 
4 cal, ank massive yellow to dark orange or non-luminescent 
Horrible 31 1 cal massive orange to dark orange 
2 cal massive orange to dark orange 
3 cal (ank in some rimmed ( orange mass with darker orange or black rims), 
stage 3b) some massive yellow to dark orange or non-luminescent 
4 cal, ank some rimmed (orange mass with darker orange or non-lumines-
rims), some massive orange 
Johnson 14 cal, ank ankerite present in gold-bearing sections 
Jualin 44 1 ? no CL study 
2 ? no CL study 
3 cal, ank* two sections with a rim ( orange with a yellow rim); others 
massive yellow to dark orange or, rarely, non-luminescent 
4 cal, ank no CL study 
Kensington 66 1 cal massive yellow to dark orange 
2 cal massive yellow to dark orange 
3 cal, ank* some rimmed ( either orange with darker orange rims or yellow 
with orange rims), some massive yellow to dark orange 
4 cal, ank some rimmed (orange with darker orange and/or non-lumines-
cent rims), some massive yellow to dark orange 
LHSZ 1 cal massive non-luminescent with flecks of orange 
Ophir 10 1 cal no CL study 
2 cal? no CL study or microprobe data 
3 cal, ank massive orange or non-luminescent 
4 cal, ank massive orange or non-luminescent 
Thomas 14 ank no carbonates observed in gold-bearing sections 
Valentine 14 cal no CL study 
n = total number of samples 
Abbreviations: ank ankerite, cal calcite, fd ferroan dolomite, CL cathodoluminescence 
* rare 
43 
relative to the Canon Diablo troilite standard and all samples were analyzed on a Finnigan-
MAT 251 mass spectrometer. The precision for all analyses is ±0.1%0. 
Carbonate samples were reacted at 25°C with phosphoric acid and values were corrected 
(by 0.8%0) for differences in acid fractionation of oxygen isotopes between dolomite and 
calcite based on the method described by McCrea (1950) and Friedman and O'Neill (1977). 
Data are reported in standard 8 notation relative to Pee Dee belemnite for carbon and oxygen. 
The standard error of each analysis is <±0.05%0. 
Sulfur isotopic compositions of sulfides and sulfate 
Sulfur isotope compositions were obtained for 84 samples of pyrite, chalcopyrite, 
sphalerite and galena from 16 prospects to complement 23 analyses collected by Miller et al. 
(1995) from the Kensington, Ophir, Horrible, Johnson, Jualin, Empire, Ivanhoe, and Greek 
Boy deposits and 7 analyses that were obtained by Goldfarb et al. (1991) from the 
Kensington, Jualin, and Fremming deposits, and from an unlocated pregold stage quartz vein 
in the Jualin diorite. A single 834S (8.7%o) value was also obtained in the present study from 
anhydrite from the Elmira deposit. 834S values of sulfides range from -10.5 to 3 .2%o (Table 
9 and Fig. 12), with the majority ranging concentrating from -3.5 to 2.0%0. These values are 
similar to the range of-10.7 to l.6%0 (excluding two samples the range is ~3.3 to l.6%0) and 
-3.5 to 1.2 %0 obtained by Miller et al. (1995) and Goldfarb et al. (1991), respectively, and 
are within the range exhibited by sulfides from other gold localities in the Juneau Gold Belt 
(McCuaig and Kerrich 1998). Similarly, samples from Valentine and Fremming deposits 
exhibit 834S values (n = 10) that range from-3.8 to -1.5%0, which is within the range (-7 to 
0%o) of sulfur isotope values of sulfides in volcanogenic massive sulfides hosted by phyllites 
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Table 9 Sulfur isotope compositions of sulfides and sulfate in the Berners Bay district 
Location Sample Mineral c534S Location Sample Mineral c534S 
number (%0) number (%0) 
Big Lake SG98-196 pyrite -3.0 Jualin SG97-105 pyrite -0.2 
Big Lake SG98-196 pyrite -2.9 Jualin SG97-107 pyrite -1.6 
Big Lake SG98-20lc pyrite -3.4 Jualin SG97-109 pyrite -0.7 
Comet SG97-79b pyrite -1.9 Jualin SG97-110 pyrite -1.2 
Comet SG98-300 pyrite -1.3 Jualin SG97-lll pyrite -4.5 
Comet SG98-301 galena -9.7 Jualin SG97-112 pyrite -2.7 
Elmira SG98-3 pyrite -1.9 Jualin SG98-106 pyrite -8.7 
Elmira SG98-162 pyrite -0.5 Jualin SG98-109 pyrite -0.3 
Elmira SG98-188 pyrite -0.4 Jualin SG98-159a pyrite -3.3 
Elmira SG98-191 pyrite 1.1 Jualin SG98-159b galena -8.7 
Elmira SG98-192 pyrite -0.2. Kensington SG97-42 pyrite -0.5 
Elmira SG98-197 pyrite 0.3 Kensington SG97-43 pyrite -0.4 
Elmira SG98-anh anhydrite 8.7 Kensington SG97-52b pyrite -1.1 
Empire SG97-88 pyrite -1.6 Kensington SG97-56b pyrite 0.9 
Empire SG98-95a pyrite -3.0 Kensington SG98-15 pyrite 0.0 
Empire SG98-96a pyrite -0.1 Kensington SG98-26a pyrite 1.3 
Empire SG98-97 pyrite -1.0 Kensington SG98-27 pyrite 0.7 
Empire SG98-156 pyrite -0.6 Kensington SG98-29 pyrite -0.1 
Eureka SG97-58b pyrite -0.3 Kensington SG98-33 pyrite -0.6 
Eureka SG98-9 pyrite -1.3 Kensington SG98-140 pyrite 0.0 
Fremming SG98-58 sphalerite -3.0 Kensington SG98-142 pyrite -1.0 
Fremming SG98-59 pyrite -2.4 Kensington SG98-147 pyrite -0.7 
Fremming SG98-80 pyrite -3.8 Kensington SG98-150 pyrite 0.5 
Horrible SG97-3lb pyrite 2.6 Kensington SG98-151 pyrite 0.0 
Horrible SG97-82 pyrite -3.0 Kensington SG98-153 pyrite -3.2 
Horrible SG97-63a pyrite -2.9 · Kensington SG98-155 pyrite -0.4 
Horrible SG97-64b pyrite -3.2 Kensington SG98-168 chalcopyrite 0.5 
Horrible SG98-3lb pyrite 2.8 Mexican SG97-27a pyrite 1.3 
Horrible SG98-171 pyrite 1.6 Mexican SG97-30b pyrite -3.4 
Horrible SG98-174 pyrite 3.2 Ophir SG97-78 pyrite -0.8 
Johnson SG98-89 pyrite 2.6 Ophir SG98-183 pyrite -1.3 
Johnson SG98-90 pyrite 1.2 Savage SG97-33c galena -10.5 
Johnson SG98-102a pyrite 1.4 Thomas SG98-36 galena -7.7 
Johnson SG98-102b pyrite 0.9 Thomas SG98-42 chalcopyrite -3.2 
Jualin SG97-84 pyrite -0.9 Valentine SG98-49 sphalerite -3.3 
Jualin SG97-86 pyrite -1.7 Valentine SG98-53 sphalerite -3.3 
Jualin SG97-95 pyrite -0.3 Valentine SG98-55 sphalerite -3.1 
Jualin SG97-97b pyrite -7.1 Valentine SG98-68 sphalerite -3.4 
Jualin SG97-103 pyrite -1.7 Valentine SG98-72 sphalerite -3.3 
Jualin SG97-104 pyrite -1.8 Valentine SG98-76 sphalerite -3.5 
Jualin SG97-104 pyrite -1.4 Valentine SG98-108 pyrite -1.5 
Jualin SG97-104 galena -8.9 
2 Horrible(inciuding Savage and 
Mexican veins) 
[!] pyrite 
18 m galena 
Kensington 
16 pyrite 1SJ chalcopyrite 
Thomas 
>- 14 G:l galena u 
C: 
Cl) chalcopyrite :::::, 
C" 
Cl) 12 Valentine - pyrite 
8 
sphalerite 
-10 -8 -6 
45 


















Fig. 12 Histogram of 834S compositions of sulfides and a sulfate from the Bemers Bay 
district 
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and graywackes elsewhere in the Juneau Gold Belt (McKuaig and Kerrich 1998). 
Isotopically light values of 834S occur in galena from the Savage (-10.5%0), Comet (-9.7%0), 
Jualin (-8.9%0), Thomas (-7.7%0), and Elmira (-8.9%0) deposits, are in keeping with that 
reported by Miller et al. (1995) who analyzed a galena from the Empire deposit that 
possessed a 834S value of -10.7%0. Three samples of pyrite from the Jualin deposit exhibit a 
range of 834S values of -8.7 to -4.5%0 and appear to be outliers compared to other pyrites 
from the Jualin deposit (-3.3 to 0.2%0, n = 17, including 5 values from Goldfarb et al. (1991) 
and Miller et al. (1995)) and elsewhere in the Berners Bay district. Even though sulfides 
were not always in contact with each other, values of 834S of sulfides from most deposits in 
the Berners Bay show narrow ranges and obey the expected equilibrium fractionation trend, 
where 834Sgalena < 834Schalcopyrite < 834Ssphalerite < 834Spyrite < 834Ssulfate• 
Carbon and oxygen isotopic compositions of carbonates 
Carbon and oxygen isotope data were determined from 30 samples of calcite and 5 
samples of ankerite from the Elmira, Horrible, Johnson, Kensington, Lion's Head shear zone 
(near Johnson), Ophir and Valentine prospects (Table 10, Fig. 13). Values of 813C and 8180 
range from-7.70%0 to -1.33%0, and 11.07%0 to 16.64%0, respectively. The range of 813C 
values is much smaller (-7.70%0 to -4.77%0) if one outlier of -1.33%0 for a sample of calcite 
from the Jualin deposit is excluded and is consistent with two values of 813C of -6.4 and 
-6.3%0 obtained by Newberry et al. (1995) and Newberry (written communication, 1999} for 
carbonates from the Kensington deposit. No isotopic variation is discernible among or 
within deposits or between vein stages at the Kensington deposit except for 8180 values, 
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Table 10 Compositions of carbon and oxygen isotopes of carbonates 
Location Sample Vein stage Mineral c'Pc 8180 
number (%0) (%0) 
Elmira SG98-17 4 calcite -7.26 13.17 
Elmira SG98-19 4 calcite -7.13 13.69 
Elmira SG98-23 4 calcite -7.34 13.11 
Elmira SG98-152 3 calcite -7.47 13.39 
Elmira SG98-189 3 calcite -7.31 13.29 
Elmira SG98-199 3 calcite -7.22 13.37 
Empire SG97-83 4 calcite -5.82 14.64 
Horrible SG98-63a 4 calcite -6.84 15.56 
Horrible SG97-75 ? calcite -6.72 16.58 
Horrible SG98-l32 3 calcite -6.02 16.12 
Horrible SG98-l35 3 calcite -7.70 13.30 
Johnson SG97-26 3 calcite -6.46 13.93 
Johnson SG98-110 ? calcite -6.87 11.80 
Jualin SG97-98 ? calcite -1.33 11.86 
Jualin SG98-103 ?. calcite -7.44 12.49 
Kensington SG97-2lb 4 ankerite -7.13 12.76 
Kensington SG97-52b ? calcite -6.71 11.80 
Kensington SG98-112 3 calcite -7.00 11.34 
Kensington SG98-114 3 calcite -6.23 14.86 
Kensington SG98-120 3 calcite · -7.19 13.50 
Kensington SG98-121 4 ankerite -7.37 11.52 
Kensington SG98-122 3 calcite -7.04 11.11 
Kensington SG98-l39 2 calcite -7.00 11.59 
Kensington SG98-145 3 calcite -7.57 13.41 
Kensington SG98-168 3 calcite -6.93 13.39 
Kensington SG98-172 2 calcite -6.93 12.66 
Kensington SG98-173 4 ankerite -4.77 12.43 
Kensington SG98-173 4 ankerite -5.84 12.82 
Kensington SG98-176 2 calcite -6.48 11.07 
Kensington SG98-180 4 ankerite -6.69 15.04 
Lion's Head Shear Zone SG97-24 ? calcite -6.08 13.14 
Ophir SG98-181 ? calcite -7.11 14.00 
Ophir SG98-184 ? calcite -5.98 15.63 
Ophir SG98-185 ? calcite -5.93 12.51 
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Fig. 13 Binary plot of lPC-8180 compositions of carbonates in the Bemers Bay 
district compared to 6180 compositions ofNewberry et al. (1995). Also 
shown are compositional fields of Archean carbonates from the Norseman-
Wiluna field (Golding et al. 1987) and magmatic CO2 (Taylor 1986, Javoy et 
al. 1988) 
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which, on average, become slightly heavier from stage 2 (11.77%0) to stage 3 (12.31 %0) to 
stage 4 (13.71 %0) at the Kensington deposit (Table 10). 
Discussion 
Timing of gold mineralization and paragenetic constraints 
Through-going regional shears in the Bemers Bay district are spatially related to gold 
mineralization and form part of the large Kensington megashear zone. Due, in part, to 
ductility contrasts among the 105 Ma Jual1n Diorite, metabasalts of the Wrangellia terrane, 
and Treadwall Formation phyllites of the Gravina belt, the Jualin Diorite was the focus of 
the Orval, Comet, and Lion's Head shears, and the site for 55 Ma hydrothermal gold-bearing 
veins at Bemers Bay. Although Miller et al. (1995) argued that the stress field affecting the 
Bemers Bay area remained fairly constant during the 3-3.5 Ma hydrothermal gold 
mineralizing event, Caddey's (1995) structural analysis of the Bemers Bay district suggested 
the stress field rotated with time. According to Caddey, this field initially rotated 
counterclockwise (first and second tectonic events), then underwent successive episodes of 
compression, extension, and relaxation, and began to rotate clockwise (third tectonic event 
and beginning of hydrothermal vein emplacement). Finally, the stress field rotated clockwise 
once again (fourth tectonic event) and brittle deformation dominated. 
Concomitant with the change in stress orientations was the development of four 
hydrothermal vein stages. Gold mineralization in the Kensington deposit is associated with 
the third stage, which appears to mark the end of the ductile structural regime and the 
commencement of a more brittle regime (stage 3a veins are ductile; whereas stage 3b are 
sheeted and more brittle). Electron microprobe analyses and cathodoluminescent patterns of 
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stage 3 gold-bearing vein carbonates show that calcite was partially to completely replaced 
by ankerite. Similar carbonate compositions and parageneses also occur at the Elmira, 
Eureka, Horrible and Jualin deposits. These data when coupled with paragenetic 
relationships not only suggest the regional nature of the hydrothermal vein stages recognized 
in the Kensington deposit but indicate the potential for additional Kensington-type 
mineralization in the Berners Bay district. 
Gold-silver telluride mineralization in the Berners Bay district and constraints on the system 
Au-Ag-Te 
The following minerals in the system Au-Ag-Te have been recognized in the Berners Bay 
district: native gold, electrum, calaverite, petzite, hessite, and rare sylvanite. Calaverite or 
the assemblage calaverite-gold is common in the Kensington and Johnson deposits and is 
rarely observed in the Horrible deposit. This assemblage contrasts to the more silver-rich 
assemblage, electrum-petzite, which is common in the Horrible, Ophir, and Fremming 
deposits. The intermediate ternary assemblage, native gold/electrum-petzite-calaverite 
occurs in the Kensington, Elmira, Horrible, Johnson, Jualin, and Ophir deposits whereas the 
silver-rich ternary assemblage electrum-petzite-hessite has been identified in the Comet, 
Empire, and Valentine deposits (Fig. 14). Leveille (1991), using electron microprobe and 
optical techniques, argued that petzite, hessite, and rare sylvanite occur in the Jualin deposit. 
Although petzite is widespread, hessite and sylvanite were not identified herein. The only 
other occurrence where sylvanite has been identified is in the Elmira deposit where it occurs 
as rare fracture fillings in pyrite. Sylvanite does not coexist with a native element or another 
















Fig. 14 Gold, electrum and gold-silver tellurides in the Bemers Bay district superimposed 
upon a ternary diagram of the Au-Ag-Te system (modified after Cabri 1965). Tie 
lines connect coexisting minerals 
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diagram in the system Au-Ag-Te proposed by Afifi et al. (1988a; Fig. 3B) and Zhang and 
Spry (1994; Fig. 6),. which is based on the experiments of Cabri (1965) and natural 
assemblages elsewhere. Calaverite and coexisting hessite were not identified in any sample 
in the Bemers Bay district. 
The compositions of electrum and gold herein are also consistent with the observed phase 
relationships in the system Au-Ag-Te. When in contact with calaverite, the precious metal 
alloy has a high fineness, whereas that in contact with petzite or hessite is generally electrum. 
Prospects in the northern part of the district contain gold with a fineness of> 900 (Table 3, 
Fig. 6). Gold within prospects along the Comet shear is less fine, with the exception of the 
Horrible and Ophir veins. As shown in Fig. 6, the fineness of gold at the Kensington, Ophir 
and Horrible falls within the range of most epithermal, mesothermal, plutonic, and porphyry 
deposits of Morrison et al. (1991). However, it should be noted that variations in the 
composition of native gold and electrum are due to a variety of physical and chemical 
conditions including T, jS2, j02, ionic content, pH, and total Au/Ag of the ore forming fluid 
(Gammons and Williams-Jones, 1995). The wide range of electrum compositions from the 
Jualin deposit suggests a complex interplay of these conditions. 
Mineral/elemental zoning in the Bemers Bay district 
The assemblages in the system Au-Ag-Te in the Bemers Bay district suggest that 
deposits spatially-related to the Orval and Lion's Head shear zones (i.e., Kensington, Eureka 
and Johnson) are dominated by the gold-rich minerals calaverite and native gold, whereas the 
deposits immediately west of the Eureka vein, predominantly along the Comet shear zone, 
are more silver-rich since electrum and petzite are the predominant precious metal minerals. 
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There does not appear to be any discernible regional zonation associated with Pb, Hg, or Bi 
tellurides, however there may be a base metal sulfide zonatio:ri. Galena is apparently absent 
along the Orval shear zone (no galena has been identified in the Kensington deposit) and is 
more commonly associated with prospects along the Comet and Lion's Head shear zones. 
Furthermore, there also appears to be an enrichment in the base metal sulfides sphalerite and 
chalcopyrite, in the Fremming and Valentine deposits in the southwestern part of the district. 
The reason for the mineral/elemental zoning associated with minerals in the system Au-Ag-
Te is unclear but it was probably caused by several·factors including variations in 
physicochemical conditions of the ore-forming fluids, different levels of uplift along the 
Orval, Lion's Head, and Comet shear zones, and fluid compositions. Unfortunately, with the 
available field data it is not possible to determine the amount of vertical movement along 
each of the major shear zones. Moreover, while thermodynamic data are available for native 
· gold, electrum, hessite and calaverite (see for example, Zhang and Spry 1994b; McPhail 
1995), no data are available for other members of the system Au-Ag-Te. The calculations of 
Zhang and Spry (1994b) and McPhail (1995) suggest that the stability fields of calaverite and 
hessite expand and diminish respectively as temperature declines. However, there is no 
evidence to suggest that the temperature of formation of ores along the Orval shear ( e.g:, 
Kensington deposit), where calaverite appears to be common, was higher than that along the 
Comet shear ( e.g., Jualin deposit) where hessite, rather than calaverite, is relatively abundant. 
On the contrary, fluid inclusion homogenization temperatures obtained by Miller et al. (1995) 
from the Kensington, Jualin, Empire, and Horrible deposits suggest relatively similar ore-
forming conditions throughout the district (see below). 
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Source and character of hydrothermal fluids 
Fluid inclusion studies coupled with oxygen isotope quartz-muscovite fractionations 
indicate that gold-bearing veins in the Bemers Bay district were deposited at temperatures 
between 200° and 235°C, and at depths of 1 to 3 km (Goldfarb et al. 1989; Miller et al. 
1995). Ore fluids from the Kensington and Jualin deposits contain 93 to 97 mole percent 
H2O, 2 to 5 percent CO2, 1 to 2 mole percent NaCl, <0.5 mole percent N2, and traces of CH4, 
H2S, and SO2 (Miller et al. 1995). Note that the temperatures obtained from fluid inclusion 
studies from quartz in the Jualin deposit are approximately l00°C lower than a temperature of 
formation of 325°C derived by Leveille (1991) based on the absence ofrealgar and native 
arsenic inJualin ores and the melting point of sylvanite. Although we did not identify 
sylvanite at Jualin, the derived temperature is likely to be incorrect because the absence of 
realgar and native arsenic may be due to a variety of geochemical reasons ( e.g., low As 
content of the ore fluid) other than temperature. Therefore, we have relied on the 
geochemical studies of Miller et al. (1995) and have used a temperature of230°C in 
subsequent calculations. 
Although temperature variations are expected during the formation of the four vein stages 
at the Kensington deposit, using a temperature of230°C, an estimate of pH and.f02 for the 
auriferous stage 3 veins can be estimated. These conditions are constrained by the presence 
of pyrite coexisting with hematite and rarely magnetite in stage 3 veins and the occurrence of 
K-feldspar coexisting with quartz and trace sericite in and adjacent to stage 3 veins. Utilizing 
the program FO2PH (Zhang and Spry, 1994a), an ionic content of approximately 1.2 based 
on fluid inclusion studies of Miller et al. (1995), a conservative estimate of I:S = 0.01 m, 
based on contents of epithermal and mesothermal vein deposits elsewhere (see for example 
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Spry, 1987), and a value of 834Sr of 0, ranges oflog.f02 = -40 to -37 and pH= 3.5 to 4.5 of 
stage 3 ore-forming fluids were obtained. Note that these ranges of conditions, shown in the 
hachured area in Fig. 15, overlap the range of sulfur isotope values obtained for pyrite from 
the Kensington deposit. 
Ore-forming conditions of the auriferous vein stage at the Jualin deposit are similar to 
those at Kensington except that /02 is likely to be lower because pyrite coexists with 
pyrrhotite rather than hematite, as is the case at Kensington. The average 834S value of -1 %0 
is within the 0±5%0 normally assigned to juvenile or magmatic sources (Ohmoto 1986). 
Oxygen isotope studies of quartz in unaltered and altered Jualin Diorite and gold-bearing 
quartz veins in the Bemers Bay district by Newberry et al. (1995) are consistent with isotopic 
exchange between oxygen in various silicates in the Jualin Diorite (average of7.4%o) and ore 
fluids with a composition of approximately 6%0, based on an average 8180 value of 15 .5%o, a 
vein-forming temperature of230°C, and the quartz-water equation ofMatsuhisa et al. (1987). 
An ore fluid composition of 1 to 7%o in equilibrium with different generations of calcite is 
obtained herein using the calcite-water equation of O'Neil et al. (1969) and overlaps the ore-
fluid composition in equilibrium with quartz obtained by Newberry et al. (1995). The wide 
range of compositions of ore fluids in equilibrium with calcite likely reflects variable 
temperatures of ore formation associated with the different paragenetic stages of carbonate 
formation in the Bemers Bay district (Fig. 13). The present oxygen isotope study of 
carbonates supports the contention of Newberry et al. (1995) that there has been an external 
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Fig. 15 Log fO2-pH diagram showing approximate conditions (hachured area) of 
stage 3 mineralization in the Kensington deposit relative to mineral 
stabilities in the systems Cu-Fe-S-O and K-Al-Si-O-H at 230°C for d34Sis 
= 0.0 per mil; IS= 0.01 m, I= 1.2 (based on fluid inclusion studies of 
Miller et al. 1995). Also shown are contours indicating the range of 834S 
values for pyrite. Drawn using thermodynamic data and programs FO2PH 
and CONST ANT in Zhang and Spry (1994a) 
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The range of 813C values (-7.70 to - 1.33 %0) of carbonates is even narrower than that of 
the 8180 values and shows no variation between vein types or deposits. The lighter values of 
813C are consistent with ore fluids locally interacting with the carbonaceous phyllites of the 
Treadwell Formation. Characteristic oflode gold deposits, a small variation in 8 13C is one 
indication of a fluid-dominated system. Values of 813C and 8180 from Bemers Bay 
carbonates, when plotted against each other, are similar to those of the Mary Kathleen calcite 
pods in Australia, which were deposited within a fracture-dominated, kilometer scale 
metamorphic system (Fig. 13). Despite this similarity, the range of 813C values of carbonates 
from the Bemers Bay district do not allow for a distinction among magmatic, crustal or 
mantle sources. However, based on mineral stabilities in the system Fe-S-O, the stability of 
calcite, a temperature of formation of carbonates of approximately 230°C, and the carbon 
isotopic composition of carbonates, the dominant fluid species in the system C-O-H in 
equilibrium with carbonates in the Bemers Bay district is H2CO3. 
Estimates of the fugacities of sulfur and tellurium for the Kensington, Jualin, Valentine, 
Elmira, and Horrible deposits can be made utilizing the stabilities of sulfides, tellurides, 
oxides, and native elements in the respective deposits and utilizing thermodynamic data for 
these minerals compiled in Mills (1974), Barton and Skinner (1979), and Afifi et al. (1988a). 
These stability fields are shown in Fig. 16 and were calculated assuming a temperature of 
230°C. Note that these fields are likely to be smaller than represented here because 
thermodynamic data are unavailable for the binary gold-silver tellurides, sylvanite and 
petzite. Although fluids responsible for the formation of the Kensington, Jualin, Elmira, and 
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Fig. 16 Log frez-log/S 2 diagram showing approximate conditions (shaded area) for 
telluride-bearing stages at the Kensington deposit (stage 3), Jualin, 
Valentine, Elmira and Horrible deposits assuming a temperature of 230°C. 
Abbreviations: ac acanthite, al altaite, Au gold, bi bismuthinite, bn bomite, 
ca calaverite, ci cinnabar, co coloradoite, cp chalcopyrite, en enargite, gn 
galena, Hg native mercury, hm hematite, hs hessite, mt magnetite, po 
pyrrhotite, py pyrite, S native sulfur, st stuetzite, Te native tellurium, tn 
tennantite 
59 
the Valentine massive sulfide deposit may have formed from fluids with log/fe2 values as 
low as -17. 
Origin of gold and base metal mineralization 
Any genetic model concerned with the formation of telluride-bearing precious and base 
metal mineralization in the Bemers Bay district must take into account several geological and 
geochemical constraints, including the following: 1. The Jualin Diorite hosts> 99% of the 
precious metal mineralization but does not host the Valentine and Fremming deposits, which 
occur in phyllitic metavolcanics of the Treadwell Formation; 2. Carbonate compositions, ore-
forming temperatures, fluid compositions, and values of 634S of sulfides~ 613C, and 6180 are 
relatively uniform throughout the Bemers Bay district; 3. The presence of tellurium and 
bismuth in the Bemers Bay district and their general absence elsewhere in the Juneau Gold 
Belt; 4. Gold deposition at temperatures of approximately 200° to 235°C, and at depths of 1 
to 3 km (Goldfarb et al. 1989; Miller et al. 1995); and 5. The spatial association of gold 
telluride mineralization to ductile and brittle structures at the local and regional scales. 
In an attempt to classify gold deposits in Alaska, Newberry et al (1995) defined "intrinsic" 
deposits to be lode gold deposits that have a close temporal and genetic relationship to a 
pluton. One characteristic of these deposits is the presence of bismuth and tellurium in the 
ores, usually in the form of bismuth tellurides. Although bismuth tellurides are relatively 
rare in the Bemers Bay district, they, along with gold-silver tellurides and bismuth-sulfides, 
mineralogically distinguish gold deposits in the Bemers Bay district from other deposits in 
the Juneau Gold Belt. Although there is no obvious rock type in the immediate vicinity of 
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the Bemers Bay district that may have been the source of gold, the Jualin Diorite has played 
a major role, albeit a structural role, in the formation of the deposits. 
The Jualin Diorite likely acted as a rigid body in comparison to the adjacent more ductile 
metabasalts of the Wrangellia Terrane and phyllites of the Treadwell Formation. Fractures in 
the Jualin Diorite served as the locus of gold-bearing fluids. More ductile deformation 
preceded and post-dated gold mineralization in the vicinity of the Jualin-Empire deposits 
compared to the Kensington system where more brittle deformation is apparent. However, it 
should be noted that in accordance with the suggestions of Miller et al. (1995), the Jualin 
Diorite may have been a source of some of the ·ore-forming components ( e.g. S and Cu). 
Leveille (1991) also considered the Jualin Diorite to be a source of the gold because of 
concentrations of Au more than an order of magnitude higher than those found in typical 
igneous intrusive bodies (see Wedepohl, 1969). That the Jualin Diorite was at least a source 
of Cu and S is supported by the presence of stage 1 pre gold-bearing deuteric veins at the 
Kensington deposit, which contain trace amounts bomite and pyrite, and early porphyry-style 
mineralization (pyrite, chalcopyrite, bomite, and molybdenite) at the Jualin deposit. Despite 
this suggestion, values of 834S and 813C as low as -10.5 permil and -7. 7 permil, respectively, 
indicate contributions of sulphur and carbon from local sources, probably the Treadwell 
Formation. Fluid inclusion studies of the ore fluid by Miller et al. (1995) are consistent with 
the derivation of ore fluids by metamorphic dehydration reactions (see also Goldfarb, 1988). 
The mechanism by which metamorphic pore fluid is produced between 70 and 60 Ma and 
later focused into shears several million years later (approximately 56-53 Ma) remains 
unclear. However, Goldfarb et al. (1997, p. 177) suggested that this fluid was "driven into 
relaxing thrust faults by heat from the 55±2Ma (Coast Range) batholith." It is possible that 
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the Coast Range batholith acted as more than a heat source and may have provided ore-
forming components to the Be:rners Bay district. Such a hypothesis, albeit tentative, could 
provide an explanation for the presence of Te and Bi in the Bemers Bay district since these 
elements are normally ascribed to plutonic systems in Alaska rather than metamorphic 
systems (Newberry et al., 1995). 
The presence of the native gold and tellurides in the Fremming (petzite, hessite, and 
altaite) and Valentine (petzite, hessite, altaite, stuetzite, and ?rucklidgeite) deposits suggest a 
close genetic relationship with mesothermal gold telluride mineralization in the Bemers Bay 
district. Although there is significant mineralogical resemblance to high-grade samples from 
the nearby Jualin deposit, Newberry et al. (1995) showed that lead isotope ratios of galena 
from the Fremming deposit (2°7Pbi2°4Pb = 15.466 and 206Pbi2°4Pb = 18.404) were similar to 
those of VMS deposits elsewhere in the Juneau area and significantly different than those 
from the Jualin deposit (2°7Pb/2°4Pb 15.532 and 206Pb/2°4Pb = 18.837). 
The presence of massive chalcopyrite and sphalerite in the Fremming and Valentine 
deposits and the overall stratabound nature of the sulfide mineralization is similar to other 
VMS deposits and distinguishes them from mesothermal gold deposits in the Bemers Bay 
district. However, unlike all other VMS deposits il). Alaska, the Valentine deposit contains 
bismuth minerals (bismuthinite, pavonite, friedrichite-aikinite, ?rucklidgeite). The only other 
localities in the Bemers Bay district where a bismuth mineral has been identified is rare 
tellurobismuthite in Zone 10 of the Kensington deposit and volnyskite in the Elmira deposit. 
Marcoux et al. (1996) proposed that Bi minerals are common within stringer zones in the 
footwalls of massive sulfide deposits and that they may be used as an exploration guide for 
massive sulfides. Bismuth-bearing minerals have been identified in VMS and sedimentary-
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exhalative massive sulfide deposits elsewhere including, for example, the Bleikvassli deposit 
in Norway (Cook et al. 1998) and the Jabal Sayid deposit in Saudi Arabia (Sabir 1979). The 
only report of a bismuth-bearing massive sulfide deposit in Alaska is that reported by 
Newberry and Brew (1989) in the Groundhog Basin in southeast Alaska. This deposit, which 
is located near an altered Miocene porphyry stock and exposed for a distance of nearly 4 km, 
was interpreted by Newberry and Brew to be an epigenetic replacement deposit. 
Unfortunately the Valentine and Fremming deposits are not well exposed and their spatial 
and genetic relationship to structures remains unclear, despite the fact that they appear to be 
located along strike from the Jualin shear zone. The likely scenario for mineral formation 
here is for Cu, Zn, Bi, and Pb sulfides to have exhaled onto the ocean floor as volcaniclastic-
sedimentary rocks of the Cretaceous Treadwell Formation were being deposited. At around 
53 Ma, movement along the Jualin shear resulted in the precipitation of gold at the Jualin and 
Empire deposits, and at its lateral extensions, the Valentine and Fremming deposits. The two 
stage ore process is not texturally evident at Valentine and Fremming because the ore was 
subsequently recrystallized. However, the model proposed here could account for absence of 
carbonates in the Fremming and Valentine deposits (but their presence in all mesothermal 
gold deposits) as well as the overlap in sulfur isotopes and the differences in Pb isotope 
between the mesothermal gold deposits in the Bemers Bay district and the Valentine and 
Fremming VMS deposits. 
Summary and Conclusions 
Although deposits in the Bemers Bay district formed by processes similar to those that 
formed other deposits in the Juneau Gold Belt, the light sulfur isotope values in the Belt, the 
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variable values of gold fineness, and the abundance of gold-, gold-silver, and bismuth-
tellurides and sulfosalts makes this district unique. Key factors in forming the distinctive 
styles of mineralization in the Bemers Bay district include: 1) Early porphyry style 
mineralization in the host rock; 2) The presence of three large shears within a highly 
impermeable host rock (Jualin Diorite); 3) The presence of more permeable phyllites along a 
major shear near the host diorite; and 4) A regional-scale stress field that underwent rotation 
through time and allowed for the reworking of previously existing veins and faults. 
Gold mineralization in the Bemers Bay district likely formed around 53 Ma in brittle-
ductile shears within an oblique collisional orogen that is manifested by movement along the 
Coastal Range megalineament. These steeply dipping shear zones (Comet, Orval and Lion's 
Head) provided conduits for deeply sourced gold-bearing fluids that were focused in and 
adjacent to the Jualin Diorite. Hydrothermal fluids were generated during four stages and 
gold-telluride mineralization was associated with the third of these stages, at least at the 
Kensington and Jualin deposits. A variety of factors such as variations in physicochemical 
conditions of the ore-forming fluid, different levels of vertical uplift along the Comet, Orval, 
and Lion's Head shear zones, and fluid compositions likely produced the regional distribution 
of precious metal tellurides. However, the reason for the presence oftellurides in the Bemers 
Bay district and their general absence elsewhere iri the Juneau Gold Belt remains unclear. It 
is tentatively suggested herein that Te may have been derived from the intrusive rocks in the 
Coast Range batholith, which were crystallizing at the same time as the gold deposits were 
forming. Although there may have been a minor magmatic component, the ore-forming 
fluids, including the gold, were primarily derived from metamorphic dehydration reactions 
associated with the subducting Pacific Plate under the North American Plate (in the vicinity 
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of present-day SE Alaska) during the Tertiary. Although some components, such as Cu and 
S, were likely to have been deep-sourced and derived from the Jualin Diorite, sulfur and 
carbon isotope data suggest that the ore-forming fluid interacted with rocks in the Treadwell 
Formation. 
The successive tapping of a crustal or mantle source and evolution of gold-rich fluids 
likely occurred due to regional scale, rotational stress fields that are manifested in structures 
in the Bemers Bay district and described by Caddey et al. (1995). Miller et al. (1995) 
suggested that changes in vein style in the Bemers Bay district are due to the "fault-valve" 
mechanism, as described by Sibson (1981 ). This mechanism consists of a cycling of fluids 
through faults that are in impermeable zones, which is caused by supralithostatic pressures, 
and is common in mesothermal deposits. 
The factors that were most important in the formation of gold deposits and base metal 
mineralization in the Bemers Bay district are presented in Fig. 17. Regional tectonic activity 
along major NW-trending, steeply east-dipping structures was responsible for concentrating 
gold in deposits throughout the Juneau Gold Belt. This activity, along with contributions of 
Te from an unknown source, is what distinguishes the Bemers Bay district from other nearby 
gold districts. The location of the Bemers Bay district may be the most important factor, as 
the only features that separate the brittle Jualin Diorite host rock from the Coast Range 
batholith (our suggested source of Te) are the local overlying Wrangellia basalts, the thin 
tonalite sill, and the Coast Shear Zone, which most likely provided conduits for the Te. 
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Fig. 17 Schematic diagram showing the geometry of the mesothermal gold veins in the Bemers Bay district, fanning in an active 
oblique collisional orogen. Perturbation of the 250°C isothenn is due to rapid uplift (modified after Templeton et al. 1999) 
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APPENDIX A. ELECTRON MICROPROBE ANALYSES OF NATIVE GOLD, 
ELECTRUM, SULFIDES AND SULFOSAL TS 
Gold 
Wt% 1 2 3 3 3 3 3 4 5 
Au 81.51 92.44 91.76 90.83 90.93 89.54 89.49 80.28 80.32 
Ag 17.59 7.14 8.14 8.11 8.17 10.90 10.76 20.74 20.24 
Te 0.00 0.03 0.00 0.03 0.01 0.00 0.00 0.00 0.00 
Zn 0.00 0.05 0.03 0.00 0.01 0.00 0.00 0.00 0.00 
Se 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 
Bi 0.00 0.00 0.22 0.27 0.00 0.00 0.00 0.00 0.00 
Total 99.10 99.65 100.15 99.25 99.12 100.44 100.25 101.01 100.93 
Based on one atom 
Au 0.718 0.875 0.858 0.857 0.859 0.818 0.820 0.680 0.683 
Ag 0.282 0.123 0.139 0.140 0.141 0.182 0.180 0.320 0.314 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 
Bi 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000 
Wt% 6 6 7 7 7 7 8 8 8 
Au 89.33 89.18 84.05 84.86 84.16 84.71 95.09 86.59 91.82 
Ag 7.97 7.80 15.91 16.86 16.71 16.84 5.06 11.49 9.41 
Te 0.00 0.00 0.00 0.00 0.03 0.09 0.00 0.17 0.03 
Zn 0.00 0.07 0.00 0.00 0.00 0.02 0.04 0.00 0.01 
Se 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.07 0.00 
Total 97.30 97.05 99.96 101.77 100.90 101.66. 100.19 98.32 101.26 
Based on one atom 
Au 0.860 0.861 0.743 0.734 0.734 0.733 0.910 0.803 0.842 
Ag 0.140 0.137 0.257 0.266 0.266 0.266 0.088 0.194 0.157 
Te 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.002 0.000 
Zn 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 
1. Comet, SG97-79b 4. Empire, SG98-95a 7. Horrible, SG97-121a 
2. Elmira, SG98-152 5. Fremming, SG97-80d 8. Jualin, J-1 
3. Elmira, SG98-187 6. Horrible, SG97-74 
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Gold ( continued) 
Wt% 8 8 9 10 11 11 12 12 12 
Au 90.10 89.16 91.18 87.07 83.55 84.22 89.71 · 93.69 93.27 
Ag 11.60 12.81 7.46 13.05 15.95 14.93 9.59 7.36 7.22 
Te 0.01 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.08 
Zn 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Se 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.01 0.00 0.00 0.19 0.00 0.01 0.00 0.00 
Total 101.77 101.98 98.74 100.12 99.69 99.15 99.31 101.05 100.57 
Based on one atom 
Au 0.808 0.792 0.869 0.785 0.741 0.756 0.837 0.875 0.875 
Ag 0.190 0.208 0.130 0.215 0.258 0.244 0.163 0.125 0.124 
Te 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 
Zn 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 
Wt% 13 13 14 15 15 16 16 16 16 
Au 94.72 91.91 - 97.23 92.35 92.47 92.70 94.87 94.68 93.26 
Ag 6.93 6.80 1.06 6.36 5.91 6.15 6.16 6.01 5.63 
Te 0.00 0.00 0.05 0.15 0.00 0.00 0.01 0.00 0.00 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 
Se 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.52 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.16 0.07 0.00 0.19 0.00 0.05 
Total 101.65 98.71 98.34 99.54 98.45 98.85 101.29 100.70 98.95 
Based on one atom 
Au 0.882 0.881 0.979 0.881 0.895 0.892 0.891 0.896 0.900 
Ag 0.118 0.119 0.020 0.111 0.104 0.108 0.106 0.104 0.099 
Te 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.001 0.001 0.000 0.002 0.000 0.000 
8. Jualin, J-1 11. Jualin, SG97-97a1 14. Kensington, 92-008x 
9. Jualin, SG97-84 12. Jualin, SG97-104 15. Kensington, SG97-56c 
10. Jualin, SG97-95 1 13. Jualin, SG97-113 16. Kensington, K-190 
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Gold ( continued) 
Wt% 17 18 19 19 19 20 
Au 93.04 81.41 80.72 80.86 82.25 84.10 
Ag 7.55 16.98 19.77 19.70 19.10 15.81 
Te 0.00 0.00 0.00 0.01 0.00 0.00 
Zn 0.00 0.09 0.06 0.05 0.11 0.00 
Se 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.40 0.00 0.00 0.00 0.00 0.12 
Total 100.99 98.48 100.54 100.61 101.47 100.03 
Based on one atom 
Au 0.868 0.723 0.690 0.691 0.701 0.744 
Ag 0.128 0.275 0.308 0.307 0.297 0.255 
Te 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.002 0.002 0.001 0.003 0.000 
Se 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.004 0.000 0.000 ·0.000 0.000 0.001 
17. Ophir, SG97-59 
18. Seward, SG98-94a 
19. Thomas, SG98-43b 
20. Valentine, SG98-49c 
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Electrum 
Wt% 1 1 2 3 3 3 4 5 6 
Au 78.76 76.80 78.56 70.86 56.86 57.98 76.75 66.90 70.65 
Ag 21.58 22.97 18.87 30.59 43.88 41.01 22.64 30.31 28.59 
Te 0.05 0.00 0.00 0.00 0.00 0.00 0.02 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Zn 0.03 0.00 0.03 0.00 0.00 0.00 0.12 0.00 0.00 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
Totals 100.42 99.78 97.46 101.45 100.74 99.00 99.52 97.23 99.66 
Based on one atom 
Au 0.666 0.647 0.695 0.560 0.415 0.437 0.648 0.547 0.574 
Ag 0.333 0.353 0.304 0.440 0.585 0.563 0.349 0.452 0.423 
Te 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.001 0.000 0.001 0.000 0.000 0.000 0.003 0.000 0.000 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 
Wt% 6 7 7 7 7 7 7 7 7 
Au 70.93 68.66 67.32 68.18 60.91 40.28 46.06 79.30 75.84 
Ag 29.84 32.61 32.40 32.96 39.62 61.46 53.02. 22.34 22.51 
Te 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 
Totals 101.53 101.27 99.72 101.14 100.53 101.74 99.23 101.64 98.35 
Based on one atom 
Au 0.563 0.536 0.533 0.532 0.457 0.264 0.322 0.661 0.649 
Ag 0.432 0.464 0.467 0.468 0.543 0.736 0.677 0.339 0.351 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0;000 0.000 0.000 0.000 
Hg 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 -0.000 0.000 0.000 0.000 
Pb 0.000 0.000 0.000 0.000 0:000 0.000 0.001 0.000 0.000 
1. Elmira, SG98-67 4. Empire, SG98-95a 7. Jualin, SG97-97a1 
2. Elmira, SG98-187 5. Fremming, SG98-59 
3. Empire, SG97-88 6. Jualin, SG97-95 1 
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Electrum ( continued) 
Wt% 8 8 8 8 9 10 11 11 12 
Au 75.04 47.87 41.18 70.36 79.69 36.99 73.55 72.83 77.66 
Ag 26.53 53.66 60.18 30.72 19.71 65.83 25.20 25.72 21.31 
Te 0.00 0.00 0.00 o.oo· 0.00 0.00 0.01 0.00 0.06 
Bi 0.00 0.11 0.02 0.00 0.23 0.00 0.02 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Zn 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.10 
Pb 0.00 0.00 0.11 0.32. 0.00 0.00 0.00 0.00 0.00 
Totals 101.57 101.64 101.49 101.40 99.71 102.82 98.78 98.54 99.13 
Based on one atom 
Au 0.608 0.328 0.273 0.555 0.686 0.236 0.615 0.608 0.664 
Ag 0.392 0.671 0.727 0.442 0.310 0.764 0.384 0.392 0.332 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 
Bi 0.000 0.001 0.000 0.000 0.002 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.003 
Pb 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000 
8. Jualin, SG97-97ac1 11. Valentine, SG98-70 
9. Thomas, SG98-43b 12. Valentine, SG98-72 
10. Ophir, SG97-62a 
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Calaverite 
1 2 3 4 5 6 7 8 9 
Au 39.85 41.55 41.56 42.10 37.18 40.52 41.17 42.51 41.16 
Te 58.88 58.08 59.85 61.40 60.02 57.35 60.96 60.47 56.23 
Ag 0.89 0.11 0.75 0.00 0.76 0.00 0.00 0.60 0.39 
Bi 0.18 0.13 0.07 0.00 0.16 0.00 0.00 0.06 0.68 
Cu 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
Zn 0.00 0.07 0.00 0.00 0.02 0.00 0.00 0.00 0.11 
Sb 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.07 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Totals 99.80 100.02 102.22 103.50 98.21 97.87 102.13 103.73 98.64 
Based upon three atoms 
Au 0.903 0.945 0.922 0.924 0.849 0.943 0.914 0.930 0.953 
Te 2.056 2.037 . 2.046 2.076 2.112 2.057 2.086 2.038 2.006 
Ag 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.024 0.017 
Bi 0.004 0.003 0.001 0.000 0.003 0.000 0.000 0.001 0.015 
Cu 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.007 0.000 
Zn 0.000 0.005 0.000 0.000 0.001 0.000 0.000 0.000 0.007 
Sb 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.003 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
9 10 10 11 12 12 12 
Au 39.53 39.97 40.71 40.05 42.01 40.37 40.02 
Te 57.02 57.22 58.19 57.83 56.34 56.11 56.57 
Ag 0.30 0.37 0.39 1.01 0.57 0.58 0.83 
Bi 0.14 0.33 0.22 0.13 0.43 0.31 0.28 
Cu 0.32 0.00 0.00 0.00 0.00 0.00 0.21 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.08 
Sb 0.05 0.00 0.00 0.00 0.00 0.00 0.05 
Pb 0.00 0.04 0.00 0.00 0.00 0.00 0.00 
Totals 97.37 97.93 99.51 99.02 99.35 97.38 98.04 
Based upon three atoms 
Au 0.918 0.928 0.930 0.916 0.967 0.945 0.924 
Te 2.041 2.048 2.049 2.039 1.999 2.024 2.013 
Ag 0.013 0.016 0.016 0.042 0.000 ·0.000 0.000 
Bi 0.003 0.007 0.005 0.003 0.009 0.007 0.006 
Cu 0.023 0.000 0.000 0.000 0.000 0.000 0.015 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.005 
Sb 0.002 0.000 0.000 0.000 0.000 0.000 0.002 
Pb 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
1. Horrible, SG97-31a 5. Jualin, SG97-104 9. Kensington, SG97-30 
2. Johnson, SG98-200 6. Kensington, SG97-1 10. Kensington, SG97-56c 
3. Jualin, SG97-84 7. Kensington, SG97-5 11. Ophir, SG97-60 
4. Jualin, SG97-951 8. Kensington, SG97-17 12. Silver Zone, SG98-197 
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Petzite 
1 1 2 2 3 3 3 3 3 
Au 17.62 15.82 24.59 24.70 11.45 16.64 16.48 17.86 17.86 
Ag 46.17 47.14 42.05 .42.41 51.74 46.84 47.42 48.99 48.99 
Te 36.25 36.49 33.13 32.84 35.37 35.43 34.63 33.65 33.65 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cu 0.00 0.02 0.00 0.02 0.00 0.00 0.30 0.05 0.05 
Zn 0.00 0.00 0.02 0.00 0.00 0.03 0.02 0.03 0.03 
Pb 0.05 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
Total 100.09 99.47 99.80 99.97 98.59 98.94 98.87 100.57 100.57 
Based upon six atoms 
Au 0.670 0.601 0.968 0.971 0.429 0.637 0.632 0.673 0.673 
Ag 3.202 3.263 3.018 3.039 3.530 3.269 3.316 3.367 3.367 
Te 2:126 2.136 2.011 1.990 2.041 2.091 2.048 1.956 1.956 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0:000 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.003 0.000 0.000 0.003 0.002 0.003 0.003 
Pb 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 
3 3 4 4 5 6 7 7 8 
Au 15.79 18.35 21.04 19.65 21.78 13.03 10.76 10.76 13.64 
Ag 47.94 45.80 44.63 44.65 43.81 50.14 51.87 51.87 49.69 
Te 36.28 34.37 34.61 34.14 34.36 37.00 37.93 37.93 35.61 
Bi 0.00 0.00 0.00 0.06 0.00 0.00 0.02 0.02 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.93 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pb 0.02 0.00 0.04 O.Ql 0.00 0.00 0.00 0.00 0.00 
total 100.03 98.51 100.31 98.50 99.94 100.17 100.58 100.58 99.88 
Based upon six atoms 
Au 0.595 0.711 0.810 0.767 0.845 0.484 0.394 0.394 0.514 
Ag 3.295 3.236 3.133 3.177 3.099 3.396 3.464- 3.464 3.416 
Te 2.109 2.053 2.055 2.054 2.055 2.120 2.142 2.142 2.070 
Bi 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.001 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pb 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
1. Comet, SG97-79b 4. Jualin, J-1 7. Kensington, 40057x 
2. Horrible, SG97-74 5. Jualin, SG97-104 8. Kensington, K-190 
3. Horrible, SG97-121 6. Jualin, SG97-115 
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Petzite ( continued) 
9 9 9 9 10 10 10 11 12 
Au 23.08 22.46 23.80 23.15 22.60 21.35 23.04 25.91 23.63 
Ag 43.39 42.64 42.26 44.26 43.80 45.23 43.74 39.05 44.30 
Te 34.71 32.93 33.14 34.80 33.20 34.76 34.27 30.40 33.30 
Bi 0.12 0.01 0.09 0.13 0.01 0.00 0.00 0.00 0.07 
Hg 0.00 0.26 0.13 0.48 0.00 0.00 0.00 0.00 0.00 
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 
Zn 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 
Pb 0.00 0.00 0.18 0.03 0.00 0.01 0.00 0.05 0.00 
total 101.30 98.30 99.60 102.85 99.61 101.37 101.05 95.43 101.33 
Based upon six atoms 
Au 0.889 0.891 0.938 0.879 0.883 0.814 0.889 1.079 0.910 
Ag 3.046 3.084 3.035 3.062 3.118 3.142 3.075 2.965 3.110 
Te 2.061 2.014 2.012 2.036 1.999 2.042 2.037 1.952 1.977 
Bi 0.004 0.000 0.003 0.005 0.001 0.000 0.000 0.000 0.002 
Hg 0.000 0.010 0.005 0.018 0.000 0.000 0.000 0.000 0.000 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.002 0.000 
Pb 0.000 0.000 0.007 0.001 0.000 0.001 0.000 0.002 0.000 
13 14 14 14 14 14 
Au 23.56 18.82 23.85 23.30 21.24 23.82 
Ag 42.74 45.30 43.38 43.03 44.80 43.25 
Te 33.11 33.92 33.22 32.51 33.39 32.80 
Bi 0.00 0.07 0.00 0.00 0.05 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 
Cu 0.00 0.03 0.00 0.03 0.00 0.00 
Zn 0.05 0.11 0.00 0.07 0.00 0.00 
Pb 0.08 0.00 0.00 0.00 0.00 0.02 
total 99.54 98.25 100.45 98.95 99.48 99.88 
Based upon six atoms 
Au 0.925 0.733 0.928 0.919 0.825 0.933 
Ag 3.060 3.216 3.078 3.095 3.173 3.087 
Te 2.005 2.036 1.993 1.978 2.000 1.979 
Bi 0.000 0.002 0.000 0.000 0.002 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.006 0.013 0.000 0.008 0.000 0.000 
Pb 0.003 0.000 0.000 0.000 0.000 0.001 
9. Ophir, SG97-59 12. Thomas, SG98-36 
10. Ophir, SO97-60 13. Thomas, SO98-201 
11. Silver Zone, SG98- l 97 14. Valentine, SG98-67a 
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Hessite 
Wt% 1 1 1 2 3 4 5 5. 5 
Ag 62.76 60.37 60.98 61.49 62.62 63.09 63.61 61.34 62.86 
Te 38.75 40.79 38.99 36.69 38.50 38.81 37.61 36.39 37.06 
s 0.05 0.46 0.48 0.48 0.22 0.02 0.08 0.08 0.19 
Fe 0.02 1.04 1.16 1.49 0.86 0.02 0.02 0.05 0.01 
Cu 0.03 0.04 0.01 0.00 0.50 0.00 0.04 0.02 0.14 
Zn 0.01 0.00 0.01 0.00 0.07 0.00 0.07 0.03 0.08 
Hg 0.01 0.00 0.00 0.17 0.11 0.46 0.00 0.18 0.00 
Pb 0.12 0.00 0.00 0.03 0.00 0.01 0.28 0.00 0.28 
Bi 0.09 0.00 0.02 0.05 0.00 0.00 0.00 0.04 0.00 
Totals 101.92 102.70 101.66 100.40 102.88 102.41 101.70 98.14 100.63 
Based upon three atoms 
Ag 1.962 1.840 1.869 1.900 1.905 1.965 1.987 1.986 1.977 
Te 1.024 1.051 1.011 0.958 0.990 1.022 0.993 0.996 0.985 
s 0.005 0.047 0.050 0.050 0.023 0.002 0.009 0.009 0.021 
Fe 0.001 0.061 0.069 0.089 0.050 0.001 0.001 0.003 0.001 
Cu 0.001 0.002 0.000 0.000 0.026 0.000 0.002 0.001 0.007 
Zn 0.000 0.000 0.001 0.000 0.004 0.000 0.004 0.002 0.004 
Hg 0.000 0.000 0.000 0.003 0.002 0.008 0.000 0.003 0.000 
Pb 0.002 0.000 0.000 0.001 0.000 0.000 0.005 0.000 0.005 
Bi 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 
Wt% 6 6 
Ag 58.97 55.47 
Te 35.71 40.76 
s 0.12 0.14 
Fe 2.83 0.41 
Cu 0.41 0.50 
Zn 0.16 0.25 
Hg 0.00 0.01 
Pb 0.03 0.08 
Bi 0.00 0.00 
Totals 98.23 97.6 
Based upon three atoms 
Ag 1.843 1.800 
Te 0.944 1.118 
s 0.012 0.015 
Fe 0.171 0.025 1. Comet, SG98-36 
Cu 0.022 0.027 2. Empire, SG97-88 
Zn 0.008 0.013 3. Fremming, SG97-80a 
Hg 0.000 0.000 4. Kensington, 40057x 
Pb 0.000 0.001 · 5. Thomas, SG98-36 
Bi 0.000 0.000 6. Valentine, SG98-68 
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Tetrahedrite 
Wt% 1 1 1 2 2 3 3 3 3 
Cu 39.08 39.73 38.86 37.18 37.41 40.18 39.03 40.26 43.04 
Ag 0.14 0.17 0.28 0.62 0.87 0.08 0.06 0.05 0.03 
Fe 0.36 0.43 0.41 0.35 0.44 0.53 0.68 1.02 0.71 
Zn 7.62 7.45 7.28 7.30 7.27 6.69 6.83 6.75 5.89 
Sb 22.76 20.69 21.67 26.95 26.83 24.75 21.64 20.37 21.77 
As 5.33 6.35 5.41 1.73 1.63 3.42 5.55 7.46 5.16 
Bi 0.00 0.13 0.12 0.26 0.34 0.22 0.27 0.17 0.15 
Te 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Au 0.00 0.00 0.00 0.65 0.11 0.08 0.00 0.00 0.00 
s 25.96 25.65 25.93 25.77 25.67 23.53 25.41 24.71 24.23 
Totals 101.26 100.59 99.96 100.80 100.58 99.49 99.46 100.80 100.99 
Atomic proportions assuming 13 S atoms. 
Cu 9.877 10.162 9.833 9.465 9.558 11.200 10.078 10.688 11.651 
Ag 0.021 0.025 0.041 0.093 0.130 0.013 0.010 0.008 0.005 
Fe 0.104 0.125 0.118 0.101 0.129 0.168 0.200 0.309 0.220 
Zn 1.872 1.852 1.791 1.806 1.806 1.813 1.715 1.742 1.550 
Sb 3.002 2.762 2.862 3.580 3.578 3.601 2.916 2.821 3.075 
As 1.143 1.377 1.161 0.374 0.353 0.808 1.215 1.679 1.185 
Bi 0.000 0.010 0.009 0.020 0.027 0.019 0.021 0.014 0.012 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Au 0.000 0.000 0.000 0.053 0.009 0.007 0.000 0.000 0.000 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
1. Comet, SG97-79b 
2. Horrible, SG97-1 
3. Kensington, K-190 
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Tetrahedrite (continued) 
3 4 4 4 4 4 4 4 
Cu 41.20 37.85 37.65 36.73 37.17 37.30 37.67 35.42 
Ag 0.07 0.00 0.00 0.05 0.05 0.00 0.02 0.00 
Fe 1.18 0.99 2.09 1.22 0.77 1.15 0.88 3.84 
Zn 5.89 7.19 6.59 7.32 7.11 6.84 7.18 6.74 
Sb 26.01 22.98 20.37 23.98 25.94 21.08 25.29 21.19 
As 2.82 4.85 5.95 2.88 2.18 6.03 2.10 4.36 
Bi 0.21 0.63 0.91 1.31 0.63 0.84 1.21 0.81 
Te 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Au 0.27 0.00 0.00 0.00 0.17 0.00 0.35 0.00 
s 24.21 25.16 25.74 24.98 24.63 25.34 24.97 27.50 
Totals 101.86 99.65 99.30 98.47 98.66 98.58 99.67 99.86 
Atomic proportions assuming 13 S atoms. 
Cu 11.164 9.869 9.596 9.646 9.900 9.656 9.897 8.449 
Ag 0.012 0.000 0.000 0.008 0.008 0.000 0.003 0.000 
Fe 0.362 0.294 0.606 0.365 0.233 0.339 0.263 1.042 
Zn 1.550 1.822 1.633 1.869 1.841 1.721 1.834 1.563 
Sb 3.678 3.127 2.709 3.287 3.606 2.848 3.468 2.638 
As 0.649 1.072 1.286 0.641 0.492 1.324 0.468 0.882 
Bi 0.017 0.050 0.071 0.105 0.051 0.066 0.097 0.059 
Te 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 
Au 0.024 0.000 0.000 0.000 0.015 0.000 0.030 0.000 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
3) Kensington, K-190 
4) Kensington, SG97-L 
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Rare tellurides 
Wt% 1 1 1 2 2 3 4 5 5 
Te 62.78 62.30 62.62 40.51 40.16 40.68 38.72 38.12 38.60 
Au 23.69 29.27 28.93 0.34 0.00 0.00 0.00 0.00 0.00 
Ag 13.69 9.18 9.24 0.08 0.07 0.02 1.22 1.02 0.17 
Cu 0.00 0.20 0.08 0.09 0.16 0.00 0.00 0.00 0.00 
Zn 0.02 0.00 0.05 0.05 0.00 0.01 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 57.36 57.94 60.68 0.00 0.00 0.00 
Pb 0.00 0.00 0.00. 0.00 0.00 0.00 60.91 58.05 60.98 
Bi 0.00 0.00 0.17 0.00 0.00 0.00 0.59 0.69 0.52 
Total 100.18 100.96 101.08 98.43 98.34 101.39 101.44 97.88 100.27 
Atoms 6 6 6 2 2 2 2 2 2 
Te 3.991 4.038 4.054 1.044 1.037 1.026 0.992 1.010 1.007 
Au 0.977 1.231 1.215 0.006 0.000 0.000 0.000 0.000 0.000 
Ag 1.029 0.704 0.707 0.003 0.002 0.001 0.037 0.032 0.005 
Cu 0.000 0.027 0.010 0.005 0.008 0.000 0.000. 0.000 0.000 
Zn 0.002 0.000 0.007 0.002 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.941 0.952 0.973 0.000 0.000 0.000 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 0.961 0.947 0.980 
Bi 0.000 0.000 0.007 0.000 0.000 0.000 0.009 0.011 0.008 
Wt% 5 6 6 
Te 38.12 46.39 45.13 
Au 0.00 0.00 0.00 
Ag 1.02 0.76 2.19 
Cu 0.00 0.00 0.00 
Zn 0.00 0.00 0.00 
Hg 0.00 0.37 O.Gl 
Pb 58.05 4.41 8.10 
Bi 0.69 49.30 43.06 
Total 97.88 101.23 98.49 
Atoms 2 7 7 
Te 1.010 4.041 3.998 
Au 0.000 0.000 0.000 
Ag 0.032 0.079 0.230 1. Sylvanite, Elmira SG98-28 
Cu 0.000 0.000 0.000 2. Coloradoite, Elmira SO98-187 
Zn 0.000 0.000 0.000 3. Coloradoite, Ophir SG97-60 
Hg 0.000 0.020 0.000 4. Altaite, Empire SG97-88 
Pb 0.947 0.237 0.442 5. Altaite, Valentine SG98-67c 
Bi 0.011 2.623 2.329 6. Rucklidgeite, Valentine SG98-67c 
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Sulfides and sulfosalts 
1 2 3 4 5 6 6 7 8 
s 13.94 20.60 26.01 38.23 35.85 14.75 15.02 14.33 14.74 
Fe 1.10 1.22 11.63 33.22 29.50 1.48 0.80 0.01 0.50 
Cu 0.06 0.29 62.49 28.90 32.59 0.02 0.00 0.05 0.00 
Zn 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 
As 0.05 0.00 0.00 0.18 0.00 0.00 0.00 0.06 0.00 
Se 0.00 0.00 0.00 0.00 0.08 0.43 0.00 0.10 0.35 
Ag 80.47 0.02 0.11 0.00 0.08 0.10 0.27 0.00 0.00 
Sb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Te 0.02 0.00 0.00 0.00 0.06 0.23 0.17 0.00 0.24 
Au 0.00 0.00 0.20 0.00 0.40 0.00 0.00 0.00 0.00 
Hg 0.00 0.26 0.00 0.16 0.00 0.12 0.00 0.05 0.26 
Pb 7.77 0.99 0.03 0.00 0.08 81.40 83.48 85.33 83.47 
Bi 0.19 76.84 0.00 0.07 0.09 0.82 1.27 0.56 0.42 
Total 103.61 100.21 100.46 100.77 98.73 99.36 101.00 100.50 100.02 
Atoms 3 5 10 4 4 2 2 2 2 
s 1.051 3.080 4.046 2.124 2.066 1.030 1.045 1.032 1.044 
Fe 0.048. 0.105 1.039 1.060 0.976 0.059 0.032 0.000 0.020 
Cu 0.002 0.022 4.905 0.810 0.948 0.001 0.000 0.002 0.000 
Zn 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 
As 0.002 0.000 0.000 0.004 0.000 0.000 0.000 0.002 0.000 
Se 0.000 0.000 0.000 0.000 0.002 0.012 0.000 0.003 0.010 
Ag 1.803 0.001 0.005 0.000 0.001 0.002 0.006 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Te 0.000 0.000 0.000 0.000 0.001 0.004 0.003 0.000 0.004 
Au 0.000 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000 
Hg 0.000 0.006 0.000 0.001 0.000 0.001 0.000 0.001 0.003 
Pb 0.091 0.023 0.001 0.000 0.001 0.880 0.899 0.951 0.915 
Bi 0.002 1.763 0.000 0.001 0.001 0.009 0.014 0.006 0.005 
1. Acanthite, Empire, (SG97-88) 
2. Bismuthinite, Valentine (SG98-72) 
3. Bomite, Silver Zone (SG98-124) 
4. Chalcopyrite, Jualin (SG97-110) 
5. Chalcopyrite, Elmira (SG98-152) 
6. Galena, Empire (SG98-95a) 
7. Galena, Comet (SG97-79b) 
8. Galena, Fremming (SG98-64) 
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Sulfides and sulfosalts ( continued) 
9 10 11 11 11 12 13 14 15 
s 14.26 14.46 14.28 14.22 14.19 14.74 19.10 51.81 52.04 
Fe 0.31 0.97 0.07 0.70 0.10 0.04 0.05 47.51 46.08 
Cu 0.00 0.09 0.00 0.00 0.00 0.04 0.36 0.05 0.03 
Zn 0.00 0.00 0.01 0.00 0.23 0.00 0.06 0.00 0.00 
As 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
Se 0.03 0.46 0.54 0.44 0.69 0.44 0.29 0.02 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 .0.00 12.40 0.00 0.01 
Sb 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Te 0.25 0.09 0.13 0.18 0.15 0.05 0.18 0.01 0.53 
Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.43 
Hg 0.00 0.00 0.11 0.07 0.20 0.00 0.09 0.08 0.14 
Pb 84.91 85.23 85.23 85.46 85.21 83.42 1.82 0.29 0.02 
Bi 0.35 0.44 0.61 0.78 0.55 0.18 64.96 0.12 0.12 
Total 100.11 101.74 100.98 101.85 101.31 98.92 99.73 100.17 99.42 
Atoms 2 2 2 2 2 2 9 3 3 
s 1.027 1.015 1.024 1.007 1.013 1.057 5.141 1.955 1.980 
Fe 0.013 0.039 0.003 0.028 0.004 0.002 0.007 1.029 1.007 
Cu 0.000 0.003 0.000 0.000 0.000 0.001 0.049 0.001 0.001 
Zn 0.000 0.000 0.000 0.000 0.008 0.000 0.008 0.000 0.000 
As 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Se 0.001 0.013 0.016 0.013 0.020 0.013 0.032 0.000 0.000 
Ag 0.000 0.000 0.000 0.000 0.000 0.000 0.992 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 · 0.000 
Te 0.005 0.002 0.002 0.003 0.003 0.001 0.012 0.000 0.005 
Au 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.003 
Hg 0.000 0.000 0.001 0.001 0.002 0.000 0.004 0.000 0.001 
Pb 0.947 0.926 0.946 0.936 0.942 0.926 0.076 0.002 0.000 
Bi 0.004 0.005 0.007 0.008 0.006 0.002 2.683 0.001 0.001 
9. Galena, Fremming (SG97-80d) 
10. Galena, Fremming (SG97-80a) 
11. Galena, Horrible (SG97-121b) 
12. Galena, Thomas (SG98-47) 
13. Pavonite, Valentine (SG98-68) 
14. Pyrite, Ophir (SG97-11) 
15. Pyrite, Jualin (SG97-105) 
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Sulfides and sulfosalts ( continued) 
16 17 18 19 
s 52.69 38.68 38.22 33.15 
Fe 47.83 60.69 61.17 3.06 
Cu 0.07 0.00 0.00 0.00 
Zn 0.05 0.05 0.00 63.16 
As 0.00 0.13 0.00 0.00 
Se 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 
Sb 0.00 0.00 0.04 0.00 
Te 0.01 0.00 0.00 0.01 
Au 0.12 0.00 0.00 0.02 
Hg 0.02 0.33 0.20 0.00 
Pb 0.00 0.24 0.00 0.18 
Bi 0.21 0.08 0.12 0.18 
Total 101.01 100.20 99.75 99.75 
Atoms 3 l(S) l(S) 2 
s 1.972 1.000 1.000 1.003 
Fe 1.028 0.901 0.919 0.053 
Cu 0.001 0.000 0.000 0.000 
Zn 0.001 0.001 0.000 0.937 
As 0.000 0.001 0.000 0.000 
Se 0.000 0.000 0.000 0.000 
Ag 0.000 0.000 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 
Te 0.000 0.000 0.000 0.000 
Au 0.001 0.000 0.000 0.000 
Hg 0.000 0.001 0.001 0.000 
Pb 0.000 0.001 0.000 0.001 
Bi 0.001 0.000 0.000 0.001 
16. Pyrite, Fremming (SG97-80a) 
17. Pyrrhotite, Ophir (SG97-11) 
18. Pyrrhotite, Fremming (SG97-80a) 
19. Sphalerite, Fremming (SG98-65) 
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Tetradymite 
Wt% 1 2 2 2 3 3 4 4 
Bi 58.17 56.15 61.33 59.94 61.43 56.66 57.23 54.13 54.38 
Te 31.39 30.84 35.50 35.06 35.14 33.83 33.76 32.46 32.60 
s 6.55 6.24 5.45 5.50 5.48 5.25 5.38 5.83 6.22 
Pb 5.40 5.24 0.24 0.00 0.08 0.00 0.02 5.58 6.17 
Ag 0.08 0.00 0.01 0.09 0.00 0.12 0.19 0.03, 0.00 
Sb 0.07 0.06 0.03 0.04 0.00 0.00 0.01 0.00 0.09 
Au 0.00 0.00 0.02 0.00 0.38 0.00 0.00 0.08 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 
Totals 101.67 98.52 102.58 100.63 102.52 95.86 96.76 98.11 99.46 
Based upon five atoms 
Bi 1.841 1.839 1.975 1.953 1.979 1.933 1.931 1.792 1.757 
Te 1.627 1.654 1.872 1.871 1.854 1.890 1.865 1.759 1.726 
s 1.350 1.331 1.143 1.168 1.152 1.168 1.184 1.258 1.311 
Pb 0.172 0.173 0.008 0.000 0.003 0.000 0.001 0.186 0.201 
Ag 0.005 0.000 0.001 0.006 0.000 0.008 0.012 0.002 0.000 
Sb 0.004 0.003 0.002 0.002 0.000 0.000 0.000 0.000 0.005 
Au 0.000 0.000 0.001 0.000 0.013 0.000 0.000 0.003 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.000 0.000 
1. Valentine, SG98-51 
2. Valentine, SG98-67 
3. Valentine, SG89-70 
4. Valentine, SG98-72 
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APPENDIX B. ELECTRON MICROPROBE ANALYSES OF CARBONATES 
Calcite 
Wt% 1 1 1 1 1 1 2 2 2 
MgO 0.72 0.70 0.67 0.70 0.86 0.58 0.63 0.65 0.65 
CaO 54.16 52.48 53.36 53.18 49.92 53.03 53.88 54.24 54.97 
MnO 0.80 0.75 1.06 0.58 0.60 0.72 1.55 1.69 1.47 
FeO 1.75 1.80 2.24 1.47 1.87 1.60 0.70 0.71 0.97 
SrO 0.73 0.48 0.55 0.33 0.44 0.33 0.01 0.17 0.17 
CO2 43.28 43.75 43.31 43.80 44.37 43.76 43.71 43.53 43.35 
Total 101.44 99.97 101.19 100.05 98.07 100.02 100.48 100.98 101.58 
atoms based on 6 0 
Mg 0.036 0.035 0.033 0.035 0.043 0.029 0.032 0.032 0.032 
Ca 1.931 1.883 1.907 1.904 1.807 1.901 1.923 1.933 1.953 
Mn 0.023 0.021 0.030 0.016 0.017 0.020 0.044 0.048 0.041 
Fe 0.049 0.051 0.062 0.041 0.053 0.045 0.019 0.020 0.027 
Sr 0.014 0.009 0.011 0.006 0.009 0.006 0.000 0.003 0.003 
C 2.051 2.000 2.043 2.003 1.929 2.002 2.018 2.036 2.056 
Wt% 2 3 3 3 3 3 3 4 4 
MgO 0.83 0.65 0.51 0.66 0.60 0.81 0.94 0.42 0.43 
Cao 53.84 54.84 54.45 55.45 55.52 54.87 54.53 55.20 53.34 
MnO 1.81 1.17 1.19 0.98 0.74 1.37 0.90 1.16 1.28 
FeO 0.88 1.04 0.83 1.34 1.23 1.15 1.28 1.91 1.83 
SrO 0.06 0.42 0.32 0.24 0.26 0.17 0.15 0.13 0.16 
CO2 43.55 43.35 43.54 43.25 43.34 · 43.33 43.50 43.15 43.53 
Total 100.98 101.48 100.84 101.92 101.68 101.71 101.30 101.96 100.58 
atoms based on 6 0 
Mg 0.041 0.032 0.025 0.032 0.029 0.040 0.047 0.021 0.022 
Ca 1.918 1.951 1.942 1.967 1.971 1.947 1.937 1.961 1.909 
Mn 0.051 0.033 0.034 0.027 0.021 0.039 0.025 . 0.033 0.036 
Fe 0.024 0.029 0.023 0.037 0.034 0.032 0.035 0.053 0.051 
Sr 0.001 0.008 0.006 0.005 0.005 0.003 0.003 0.002 0.003 
C 2.035 2.053 2.031 2.068 2.060 2.061 2.047 2.070 2.022 
1. Comet, SG98-98 
2. Elmira, SG98-1 
3. Elmira, SG98-4 
4. Empire, SG97-82 
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Calcite ( continued) 
Wt% 5 5 5 5 5 6 6 7 7 
MgO 0.29 1.03 1.03 1.11 1.85 0.33 0.41 0.70 0.65 
CaO 54.23 51.72 51.56 51.42 48.33 55.97 56.30 52.33 54.99 
MnO 1.36 1.06 1.31 1.17 1.21 1.47 0.92 1.01 1.20 
FeO 0.55 0.50 0.54 0.47 3.02 0.66 0.34 2.48 0.50 
SrO 0.09 0.00 0.00 0.00 0.10 0.17 0.00 0.84 0.54 
CO2 43.74 44.65 44.61 44.98 45.18 43.25 43.49 43.37 43.42 
Total 100.25 98.97 99.04 99.14 99.69 101.85 · 101.46 100.72 101.31 
atoms based on 6 0 
Mg 0.014 0.051 0.051 0.055 0.092 0.016 0.020 0.035 0.032 
Ca 1.940 1.845 1.839 1.834 1.724 1.987 1.997 1.877 1.957 
Mn 0.038 0.030 0.037 0.033 0.034 0.041 0.026 0.029 0.034 
Fe 0.015 0.014 0.015 0.013 0.084 0.018 0.009 0.069 0.014 
Sr 0.002 0.000 0.000 0.000 0.002 0.003 0.000 0.016 0.010 
C 2.010 2.030 2.028 2.045 2.054 2.066 2.052 2.026 2.047 
Wt% 7 7 7 7 7 8 8 9 9 
MgO 0.56 0.75 0.66 0.47 0.80 0.76 1.10 0.35 0.32 
CaO 54.69 52.98 53.86 50.93 52.95 52.99 53.31 55.03 55.41 
MnO 1.18 1.20 1.09 1.18 1.41 0.92 1.35 0.77 0.48 
FeO 0.58 0.72 2.19 2.27 1.05 0.94 1.48 0.19 0.20 
SrO 0.65 0.31 0.58 0.89 0.45 0.40 0.25 0.26 0.07 
CO2 43.44 43.89 43.19 43.70 43.68 43.87 43.53 43.77 43.84 
Total 101.10 99.85 101.56 99.44 100.33 99.88 101.02 100.37 100.32 
atoms based on 6 0 
Mg 0.028 0.037 0.033 0.024 0.040 0.038 0.054 0.017 0.016 
Ca 1.950 1.898 1.920 1.841 1.895 1.898 1.898 1.965 1.976 
Mn 0.033 0.034 0.031 0.034 0.040 0.026 0.038 0.022 0.014 
Fe 0.016 0.020 0.061 0.064 0.029 0.026 0.041 0.005 0.006 
Sr 0.013 0.006 0.011 0.017 0.009 0.008 0.005 0.005 0.001 
C 2.040 1.995 2.056 1.980 2.013 1.996 2.037 2.014 2.012 
5. Empire, SG97-87 
6. Empire, SG98-95b 
7. Empire, SG98-96a 
8. Eureka, SG98-8 
9. Eureka, SG97-19 
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Calcite ( continued) 
Wt% 10 10 10 10 11 11 11 11 11 
MgO 0.68 0.71 0.75 0.79 1.33 1.55 1.33 1.27 1.25 
Cao 53.13 53.86 53.55 53.86 50.94 51.47 51.78 51.16 51.39 
MnO 0.18 0.14 0.18 0.00 0.35 0.64 0.50 0.57 0.28 
FeO 0.11 0.14 0.18 0.11 0.47 0.68 0.57 1.54 1.51 
SrO 0.00 0.00 0.00 0.00 1.30 0.16 0.31 0.16 0.16 
·CO2 45.38 44.78 44.94 44.80 45.51 45.02 45.11 45.09 45.13 
Total 99.47 99.63 99.58 99.55 99.89 99.52 99.60 99.79 99.72 
atoms based on 6 0 
Mg 0.034 0.035 0.037 0.039 0.066 0.077 0.066 0.063 0.062 
Ca 1.895 1.921 1.910 1.921 1.817 1.836 1.847 1.825 1.833 
Mn 0.005 0.004 0.005 0.000 0.010 0.018 0.014 0.016 0.008 
Fe 0.003 0.004 0.005 0.003 0.013 0.019 0.016 0.043 0.042 
Sr 0.000 0.000 0.000 0.000 0.025 0.003 0.006 0.003 0.003 
C 2.063 2.036 2.043 2.037 2.069 2.047 2.051 2.050 2.052 
Wt% 12 12 13 13 13 13 13 13 13 
MgO 1.39 1.19 1.31 1.30 1.33 1.34 1.38 0.96 1.57 
CaO 51.19 51.78 53.13 52.56 51.61 52.49 52.36 54.04 52.33 
MnO 0.46 0.35 0.55 0.50 0.49· 0.64 0.46 0.46 1.23 
FeO 0.72 0.79 0.98 1.41 1.56 0.70 0.64. 0.77 1.08 
SrO 0.00 0.00 0.63 0.41 0.44 0.49 0.59 0.31 0.30 
CO2 45.57 45.35 43.79 43.89 44.05 44.05 44.10 43.83 43.84 
Total 99.33 99.47 100.39 100.06 99.49 99.70 99.54 100.36 100.34 
atoms based on 6 0 
Mg 0.069 0.059 0.065 0.064 0.066 0.066 0.069 0.048 0.078 
Ca 1.826 1.847 1.897 1.878 1.848 1.876 1.871 1.928 1.866 
Mn 0.013 0.010 0.015 0.014 0.014 0.018 0.013 0.013 0.035 
Fe 0.020 0.022 0.027 0.039 0.043 0.019 0.018 0.021 0.030 
Sr 0.000 0.000 0.050 0.070 0.080 0.090 0.110 0.060 0.060 
C 2.072 2.062 2.054 2.066 2.052 2.070 2.081 2.070 2.069 
10. Horrible (Lower Mexican surface), SG97-30 
11. Horrible, SG97-63a 
12. Horrible, SG97-63c 
13. Horrible, SG97-63Al 
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Calcite ( continued) 
Wt% 13 13 13 13 13 13 13 13 13 
MgO 1.33 1.35 1.38 1.38 1.13 1.20 1.31 1.49 1.22 
CaO 53.59 53.37 52.22 52.60 53.20 52.31 52.96 52.99 53.06 
MnO 0.43 0.52 1.01 0.98 0.86 0.65 0.64 0.88 0.65 
FeO 0.40 0.32 1.03 0.99 1.03 1.20 1.17 1.26 1.01 
SrO 0.89 0.62 0.16 0.11 0.30 0.34 0.16 0.37 0.41 
CO2 43.79 43.94 44.02 43.97 43.81 44.00 43.93 43.72 43.86 
Total 100.43 100.12 99.82 100.03 100.33 99.70 100.16 100.71 100.21 
atoms based on 6 0 
Mg 0.066 0.067 0.069 0.069 0.056 0.059 0.065 0.074 0.060 
Ca 1.912 1.904 1.865 1.876 1.899 1.871 1.889 1.888 1.895 
Mn 0.012 0.015 0.028 0.028 0.024 0.018 0.018 0.025 0.018 
Fe 0.011 0.009 0.029 0.027 0.029 0.034 0.033 0.035 0.028 
Sr 0.170 0.120 0.030 0.020 0.060 0.070 0.030 0.070 0.080 
C 2.171 2.114 2.021 2.020 2.069 2.053 2.034 2.092 2.081 
Wt% 14 14 14 14 14 14 14 14 14 
MgO 1.12 1.31 1.38 1.25 1.51 1.32 1.79 1.38 1.39 
CaO 52.86 52.94 53.23 52.51 51.90 52.73 51.85 53.01 52.93 
MnO 0.50 0.36 0.51 0.49 0.53 0.36 0.62 0.44 0.50 
FeO 0.94 1.06 0.43 0.83 0.43 0.38 1.39 0.75 0.91 
SrO 0.33 0.48 0.54 0.53 0.92 1.07 0.22 0.40 0.34 
CO2 44.01 43.92 43.97 44.04 44.11 43.95 44.05 44.00 43.97 
Total 99.76 100.07 100.06 99.65 99.41 99.80 99.92 99.98 100.05 
atoms based on 6 0 
Mg 0.056 0.065 0.069 0.062 0.075 0.066 0.089 0.069 0.069 
Ca 1.889 1.890 1.898 ·1.878 1.857 1.886 1.848 1.891 1.888 
Mn 0.014 0.010 0.014 0.014 0.015 0.010 0.018 ·0.012 0.014 
Fe 0.026 0.029 0.012 0.023 0.012 0.011 0.039 0.021 0.025 
Sr 0.060 0.090 0.100 0.100 0.180 0.210 0.040 0.080 0.070 
C 2.045 2.085 2.093 2.077 2.140 2.182 2.034 2.073 2.066 
13. Horrible, SG97-63Al 
14. Horrible dump, SG97-65B 
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Calcite ( continued) 
Wt°/o 14 14 14 14 14 14 15 15 15 
MgO 1.28 1.16 1.32 1.24 1.23 0.69 0.93 0.62 0.79 
Cao 53.32 53.63 53.35 53.60 53.47 54.48 54.03 53.46 52.71 
MnO 0.42 0.42 0.32 0.35 0.46 0.97 1.24 1.16 1.60 
FeO 0.53. 0.91 0.82 0.73 0.61 0.13 0.85 0.91 0.99 
SrO 0.40 0.42 0.39 0.26 0.10 0.08 0.12 0.03 0.46 
CO2 44.01 43.83 43.95 43.97 44.06 43.88 43.66 43.85 43.69 
Total 99.96 100.37 100.15 100.15 99.93 100.23 100.82 100.04 100.24 
atoms based on 6 0 
Mg 0.063 0.058 0.066 0.062 0.061 0.034 0.046 0.031 0.039 
Ca 1.902 1.913 1.902 1.910 1.905 1.943 1.923 1.912 1.888 
Mn 0.012 0.012 0.009 0.010 0.013 0.027 0.035 0.033 0.045 
Fe 0.015 0.025 0.023 0.020 0.017 0.004 0.024 0.026 0.028 
Sr 0.080 0.080 0.080 0.050 0.020 0.020 0.002 0.001 0.009 
C 2.072 2.088 2.079 2.052 2.016 2.029 2.030 2.002 2.009 
Wt°/o 15 16 16 17 17 17 17 18 18 
MgO 0.92 0.82 2.89 0.82 0.54 0.91 1.00 0.71 0.68 
CaO 52.60 54.89 50.66 54.66 54.06 52.74 53.81 52.65 52.96 
MnO 1.64 1.51 1.41 1.12 0.99 1.31 1.32 0.39 0.46 
FeO 0.85 0.88 1.09 1.43 1.56 1.47 1.40 0.14 0.11 
SrO 0.20 0.27 0.20 0.30 0.24 1.00 0.67 0.00 0.00 
CO2 43.83 43.33 44.08 43.32 43.50 . 43.41 43.31 44.69 45.11 
Total 100.04 101.71 100.33 101.65 100.89 100.83 101.50 98.58 99.32 
atoms based on 6 0 
Mg 0.046 0.041 0.143 0.040 0.027 0.045 0.050 0.035 0.034 
Ca 1.882 1.948 1.796 1.942 1.930 1.888 1.915 1.878 1.889 
Mn 0.046 0.042 0.040 0.031 0.028 0.037 0.037 0.011 0.013 
Fe 0.024 0.024 0.030 0.040 0.044 0.041 0.039 0.004 0.003 
Sr 0.004 0.005 0.004 0.006 0.005 0.019 0.013 0.000 0.000 
C 2.002 2.061 2.012 2.059 2.032 2.030 2.054 2.032 2.051 
14. Horrible dump, SG97-65B 
15. Johnson, SG97-25 
16. Johnson, SG97-27bl 
17. Jualin, SG97-85 
18. Jualin core, SG97-97b 
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Calcite ( continued) 
Wt% 18 18 18 18 18 18 18 18 18 
MgO 1.97 1.75 2.10 0.81 0.97 0.77 0.81 0.64 0.73 
CaO 49.87 50.86 50.77 53.88 52.57 54.00 53.29 53.69 52.90 
MnO 0.21 0.35 0.39 0.46 0.35 0.35 0.28 0.28 0.28 
FeO 1.51 1.36 1.62 0.22 0.75 0.25 0.32 0.54 0.07 
SrO 0.16 0.16 0.05 0.00 0.31 0.10 0.36 0.00 0.00 
CO2 44.47 44.61 44.17 43.53 44.43 44.14 44.10 44.21 45.46 
Total 98.20 99.09 99.09 98.89 99.38 99.61 99.17 99.36 99.45 
atoms based on 6 0 
Mg 0.098 0.087 0.104 0.040 0.048 0.038 0.040 0.032 0.036 
Ca 1.779 1.814 1.811 1.922 1.875 1.926 1.901 1.915 1.887 
Mn 0.006 0.010 0.011 0.013 0.010 0.010 0.008 0.008 0.008 
Fe 0.042 0.038 0.045 0.006 0.021 0.007 0.009 0.015 0.002 
Sr 0.003 0.003 0.001 0.000 0.006 0.002 0.007 0.000 0.000 
C 2.022 2.028 2.008 1.979 2.020 2.007 2.005 2.010 2.067 
Wt% 18 18 18 18 19 19 19 19 19 
MgO 0.58 0.60 0.68 0.62 0.86 0.68 0.64 0.53 0.79 
CaO 53.91 54.11 53.91 53.15 53.52 54.95 55.43 54.59 51.75 
MnO 0.43 0.39 0.21 0.46 1.29 1.35 1.33 1.22 .1.54 
FeO 0.11 0.11 0.14 0.14 0.67 0.67 0.65 0.53 0.89 
SrO 0.00 0.00 0.00 0.00 2.07 0.49 0.51 0.97 0.70 
CO2 44.72 44.56 44.72 45.22 43.08 43.35 43.26 43.35 43.86 
Total 99.74 99.77 99.67 99.61 101.50 101.50 101.81 101.19 99.53 
atoms based on 6 0 
Mg 0.029 0.030 0.034 0.031 0.043 0.034 0.031 0.027 0.040 
Ca 1.923 1.930 1.923 1.896 1.915 1.954 1.968 1.949 1.862 
Mn 0.012 0.011 0.006 0.013 0.036 0.038 0.037 0.034 0.044 
Fe 0.003 0.003 0.004 0.004 0.019 0.019 0.018 0.015 0.025 
Sr 0.000 0.000 0.000 0.000 0.040 · 0.010 0.010 0.019 0.014 
C 2.033 2.026 2.033 2.056 2.054 2.054 2.064 2.043 1.984 
18. Jualin core, SG97-97b 
19. Jualin, SG98-100 
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Calcite ( continued) 
Wt% 19 19 19 20 20 20 20 21 21 
MgO 0.66 0.67 0.64 0.73 1.81 1.43 0.77 0.62 0.75 
CaO 52.63 51.94 55.12 53.15 49.82 50.13 52.09 53.80 54.25 
MnO 1.19 1.41 1.24 0.18 2.02 2.06 1.10 0.11 0.11 
FeO 0.93 0.94 0.81 0.11 1.19 0.93 0.14 0.11 0.07 
SrO 1.04 0.83 0.44 0.00 0.00 0.00 0.00 0.05 0.00 
CO2 43.63 43.80 43.33 45.09 44.72 45.02 45.51 44.72 44.28 
Total 100.09 99.60 101.58 99.25 99.55 99.57 99.61 99.41 99.45 
atoms based on 6 0 
Mg 0.033 0.034 0.032 0.036 0.090 0.071 0.038 0.031 0.037 
Ca 1.891 · 1.870 1.959 1.896 1.777 1.788 1.858 1.919 1.935 
Mn 0.034 0.040 0.035 0.005 0.057 0.058 0.031 0.003 0.003 
Fe 0.026 0.026 0.022 0.003 0.033 0.026 0.004 0.003 0.002 
Sr 0.020 0.016 0.009 0.000 0.000 0.000 0.000 0.001 0.000 
C 2.004 1.986 2.056 2.050 2.033 2.047 2.069 2.033 2.013 
Wt% 21 21 21 21 21 21 21 21 22 
MgO 0.75 0.77 0.62 2.22 0.73 1.21 1.09 0.97 1.07 
CaO 54.33 53.52 54.33 48.00 54.39 50.83 51.89 51.33 52.23 
MnO 0.21 0.14 0.18 0.67 0.14 0.89 0.78 0.67 1.17 
FeO 0.18 0.29 0.29 4.42 0.18 1.62 1.36 1.40 0.86 
SrO 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.41 
CO2 44.30 44.89 43.73 45.40 · 44.32 45.24 44.76 45.38 44.19 
Total 99.77 99.61 99.15 100.80 99.75 99.78 99.89 99.75 99.93 
atoms based on 6 0 
Mg 0.037 0.038 0.031 0.110 0.036 0.060 0.054 0.048 0.053 
Ca 1.938 1.909 1.938 1.712 1.940 1.813 1.851 1.831 1.863 
Mn 0.006 0.004 0.005 0.019 0.004 0.025 0.022 0.019 0.033 
Fe 0.005 0.008 0.008 0.123 0.005 0.045 0.038 0.039 0.024 
Sr 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.008 
C 2.014 2.041 1.988 2.064 2.015 2.057 2.035 2.063 2.009 
19. Jualin, SG98-100 
20. Kensington Zone 10, SG97-2 
21. Kensington Zone 44/E fault, SG97-4 
22. Kensington Zone 10, SG97-15 
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Calcite ( continued) 
Wt% 22 22 22 22 22 22 23 23 23 
MgO 1.29 1.35 1.15 1.31 1.25 1.09 0.99 0.73 0.68 
CaO 51.30 51.16 · 51.19 51.64 50.91 50.43 52.06 54.28 53.66 
MnO 1.45 1.35 1.56 1.13 1.38 1.88 1.35 0.04 0.14 
FeO 0.97 1.22 0.86 1.19 U9 0.97 0.50 0.22 0.32 
SrO 0.00 0.31 0.10 0.21 0.41 0.31 0.36 0.05 0.00 
CO2 44.83 44.65 45.02 44.08 44.91 45.33 44.76 43.99 44.19 
Total 99.84 100.04 99.89 99.56 100.06 100.01 100.02 99.29 99.00 
atoms based on 6 0 
Mg 0.064 0.067 0.057 0.065 0.062 0.054 0.049 0.036 0.034 
Ca 1.830 1.825 1.826 1.842 1.816 1.799 1.857 1.936 1.914 
Mn 0.041 0.038 0.044 0.032 0.039 0.053 0.038 0.001 0.004 
Fe 0.027 0.,034 0.024 0.033 0.033 0.027 0.014 0.006 0.009 
Sr 0.000 0.006 0.002 0.004 0.008 0.006 0.007 0.001 0.000 
C 2.038 2.030 2.047 2.004 2.042 2.061 2.035 2.000 2.009 
Wt% 23 23 23 23 23 24 24 24 24 
MgO 0.66 1.41 1.41 1.35 1.27 1.03 1.13 0.83 1.55 
CaO 53.38 49.99 50.46 50.52 50.38 49.26 49.34 52.37 51.36 
MnO 0.04 1.70 1.70 1.63 1.60 1.38 1.21 0.67 1.38 
FeO 0.32 0.90 0.90 0.83 0.79 1.01 0.93 0.54 1.19 
SrO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.21 
CO2 44.72 45.62 45.24 45.35 45.60 46.74 46.72 45.18 44.32 
Total 99.12 99.61 99.72 99.68 99.63 99.41 99.33 99.74 100.01 
atoms based on 6 0 
Mg 0.033 0.070 0.070 0.067 0.063 0.051 0.056 0.041 0.077 
Ca 1.904 1.783 1.800 1.802 1.797 1.757 1.760 1.868 1.832 
Mn 0.001 0.048 0.048 0.046 0.045 0.039 0.034 0.019 0.039 
Fe 0.009 0.025 0.025 0.023 0.022 0.028 0.026 0.015 0.033 
Sr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.004 
C 2.033 2.074 2.057 2.062 2.073 2.125 2.124 2.054 2.015 
22. Kensington Zone 10, SG97-15 
23. Kensington Zone 10, SG97-21a 
24. Kensington Zone 10, SG97-37 
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Calcite ( continued) 
Wt% 24 25 25 25 25 25 25 25 25 
MgO 1.45 1.17 1.23 1.27 1.57 1.17 1.33 1.25 1.41 
CaO 50.32 50.97 51.61 51.30 51.82 52.26 51.99 51.46 50.82 
MnO 1.70 0.43 0.50 0.53 1.08 0.88 0.69 0.96 0.96 
FeO 1.04 0.93 1.26 1.04 1.00 0.82 0.96 0.91 0.93 
SrO 0.05 0.00 0.00 0.00 0.31 0.19 0.24 0.36 0.20 
CO2 45.20 45.88 45.07 45.38 44.02 44.13 44.17 44.18 44.37 
Total 99.77 99.38 99.66 99.52 99.80 99.43 99.37 99.12 98.70 
atoms based on 6 0 
Mg 0.072 0.058 0.061 0.063 0.078 0.058 0.066 0.062 0.070 
Ca 1.795 1.818 1.841 1.830 1.851 1.869 1.859 1.844 1.821 
Mn 0.048 0.012 0.014 0.G15 0.031 0.025 0.019 0.027 0.027 
Fe 0.029 0.026 0.035 0.029 0.028 0.023 0.027 0.026 0.026 
Sr 0.001 0.000 0.000 0.000 0.006 0.004 0.005 0.007 0.004 
C 2.055 2.086 2.049 2.063 1.993 1.978 1.976 1.966 1.949 
Wt% 25 25 25 25 25 25 25 25 25 
MgO 1.24 1.38 1.00 1.34 1.72 1.75 1.43 1.15 1.11 
CaO 52.66 52.33 53.12 51.79 51.18 51.60 51.73 52.61 52.97 
MnO 0.69 1.00 0.58 0.79 0.88 0.52 0.50 0.39 0.41 
FeO 0.71 0.92 1.03 0.88 1.49 1.59 1.30 0.78 0.65 
SrO 0.17 0.30 0.05 0.36 0.07 0.47 0.48 0.43 0.33 
CO2 44.12 43.97 44.02 44.16 44.16 43.98 44.08 44.11 44.11 
Total 99.60 99.91 99.80 99.31 99.51 99.91 99.51 99.47 99.57 
atoms based on 6 0 
Mg 0.061 0.069 0.049 0.067 0.085 0.087 0.071 0.057 0.055 
Ca 1.881 1.869 1.897 1.853 1.828 1.843 1.851 1.882 1.893 
Mn 0.020 0.028 0.017 0.022 0.025 0.015 0.014 0.011 0.011 
Fe 0.020 0.026 0.029 0.025 0.042 0.044 0.036 0.022 0.018 
Sr 0.003 0.006 0.001 0.007 0.001 0.009 0.009 0.008 0.006 
C 1.985 1.998 1.993 1.973 1.981 1.997 1.982 1.980 1.984 
24. Kensington Zone 10, SG97-37 
25. Kensington Zone 10, SG97-44 
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Calcite ( continued) 
Wt% 25 25 25 25 26 26 26 26 26 
MgO 1.15 1.44 1.34 1.27 1.11 1.09 0.89 0.99 1.05 
CaO 52.98 52.29 52.15 52.16 51.64 51.53 51.44 51.30 51.00 
MnO 0.42 0.61 0.63 0.70 1.24 1.31 1.17 1.42 1.42 
FeO 0.94 1.08 1.23 1.14 0.61 0.65 0.47 0.54 0.50 
SrO 0.45 0.24 0.13 0.25 0.00 0.00 0.00 0.00 0.00 
CO2 43.96 44.07 44.11 44.07 44.89 44.72 45.20 45.00 45.86 
Total 99.90 99.73 99.58 99.59 99.49 99.29 99.17 99.25 99.82 
atoms based on 6 0 
Mg 0.057 0.071 0.066 0.063 0.055 0.054 0.044 0.049 0.052 
Ca 1.893 1.867 1.863 1.865 1.842 1.838 1.835 1.830 1.819 
Mn 0.012 0.017 0.o18 0.020 0.035 0.037 0.033 0.040 0.040 
Fe 0.026 0.030 0.034 0.032 0.017 0.o18 0.013 0.Q15 0.014 
Sr 0.009 0.005 0.003 0.005 0.000 0.000 0.000 0.000 0.000 
C 1.997 1.990 1.984 1.985 2.041 2.033 2.055 2.046 2.085 
Wt% 26 26 27 27 27 27 27 28 28 
MgO 0.73 0.73 0.65 0.98 0.90 0.79 0.76 1.29 1.47 
CaO 52.99 52.76 53.29 53.21 52.92 53.44 53.62 52.39 52.36 
MnO 0.78 0.85 1.06 1.07 1.27 1.22 1.17 1.44 1.37 
FeO 0.18 0.14 0.17 0.42 0.52 0.33 0.37 0.96 1.03 
SrO 0.00 0.10 0.05 0.16 0.07 0.07 0.13 0.07 0.12 
CO2 44.58 44.91 44.13 43.99 44.02 43.98 43.92 43.91 43.89 
Total 99.26 99.50 99.36 99.84 99.70 99.83 99.97 100.06 100.23 
atoms based on 6 0 
Mg 0.036 0.036 0.032 0.049 0.045 0.039 0.038 0.064 0.073 
Ca 1.890 1.882 1.907 1.901 1.892 1.910 1.916 1.871 1.868 
Mn 0.022 0.024 0.030 0.030 0.036 0.035 0.033 0.041 0.039 
Fe 0.005 0.004 0.005 0.012 0.o15 0.009 0.010 0.027 0.029 
Sr 0.000 0.002 0.001 0.003 0.001 0.001 0.003 0.001 0.002 
C 2.027 2.042 1.975 1.995 1.989 1.994 2.000 2.004 2.010 
25. Kensington Zone 10, SG97-44 
26. Kensington Zone 10, SG97-50 
27. Kensington Zone 10, SG97-50cl 
28. Kensington Zone 10, SG97-52a 
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Calcite ( continued) 
Wt% 28 28 28 28 28 28 28 28 28 
MgO 1.45 1.28 1.44 1.48 1.47 1.16 1.03 1.12 1.25 
Cao 51.54 51.93 51.16 51.32 51.47 51.09 50.59 51.79 51.91 
MnO 1.43 1.45 1.63 1.50 1.50 1.45 1.32 1.52 1.41 
FeO 0.95 1.05 1.03 1.00 0.89 0.95 0.76 0.83 0.91 
SrO 0.15 0.35 0.27 0.17 0.25 0.16 0.08 0.09 0.13 
CO2 44.07 43.88 44.03 44.07 44.04 44.19 44.46 44.08 44.03 
Total 99.59 99.95 99.55 99.54 99.62 99.01 98.24 99.43 99.64 
atoms based on 6 0 
Mg 0.072 0.064 0.072 0.073 0.073 0.058 0.051 0.056 0.062 
Ca 1.843 1.858 1.831 1.836 1.841 1.832 1.818 1.854 1.857 
Mn 0.041 0.041 0.046 0.043 0.042 0.041 0.038 0.043 0.040 
Fe 0.026 0.029 0.029 0.028 0.025 0.027 0.021 0.023 0.025 
Sr 0.003 0.007 0.005 0.003 0.005 0.003 0.002 0.002 0.003 
C 1.985 1.999 1.983 1.983 1.986 1.961 1.929 1.978 1.987 
Wt% 28 28 28 28 28 28 28 28 29 
MgO 1.28 1.10 1.33 0.84 0.99 1.40 0.93 0.69 1.56 
CaO 51.87 52.71 50.69 52.55 52.44 50.09 52.49 52.80 50.68 
MnO 1.43 1.22 1.62 1.34 1.79 1.50 1.24 0.78 1.52 
FeO 0.96 0.72 1.01 0.34 0.56 0.94 0.73 0.36 1.29 
SrO 0.16 0.17 0.08 0.10 0.03 0.17 0.14 0.12 0.20 
CO2 44.01 43.96 44.23 44.13 43.96 44.39 44.03 44.25 44.10 
Total 99.70 99.88 98.96 99.30 99.77 98.49 99.57 98.99 99.37 
atoms based on 6 0 
Mg 0.064 0.055 0.066 0.042 0.049 0.070 0.046 0.035 0.078 
Ca 1.855 1.884 1.817 1.882 1.876 1.798 1.879 1.892 1.815 
Mn 0.040 0.034 0.046 0.038 0.051 0.043 0.035 0.022 0.043 
Fe 0.027 0.020 0.028 0.009 0.016 0.026 0.020 0.010 0.036 
Sr 0.003 0.003 0.002 0.002 0.001 0.003 0.003 0.002 0.004 
C 1.989 1.996 1.959 1.973 1.992 1.940 1.984 1.960 1.976 
28. Kensington Zone 10, SG97-52a 
29. Kensington Zone 10, SG97-55 
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Calcite ( continued) 
Wt% 29 29 29 29 29 29 29 29 29 
MgO 1.40 1.34 1.31 1.24 1.08 1.27 1.18 1.33 1.15 
CaO 51.39 51.74 52.24 51.90 52.65 52.22 51.49 51.42 51.38 
MnO 1.72 1.60 1.39 1.49 0.95 1.45 1.72 1.47 1.43 
FeO 1.12 0.78 1.01 1.13 0.88 0.86 0.89 0.78 0.71 
SrO 0.19 0.32 0.26 0.17 0.36 0.08 0.09 0.22 0.15 
CO2 43.95 43.97 43.88 43.93 43.93 43.98 44.06 44.12 44.21 
Total 99.78 99.74 100.08 99.86 99.85 99.85 99.44 99.34 99.04 
atoms based on 6 0 
Mg 0.070 0.066 0.065 0.062 0.054 0.063 0.059 0.066 0.057 
Ca 1.839 1.851 1.867 1.857 1.883 1.866 1.844 1.841 1.841 
Mn 0.049 0.045 0.039 0.042 0.027 0.041 0.049 0.042 0.041 
Fe 0.031 0.022 0.028 0.032 0.025 0.024 0.025 0.022 0.020 
Sr 0.004 0.006 0.005 0.003 0.007 0.002 0.002 0.004 0.003 
C 1.992 1.991 2.004 1.995 1.995 1.995 1.978 1.974 1.962 
Wt% 29 29 29 29 29 29 29 30 30 
MgO 1.18 1.17 1.20 1.59 1.45 1.07 1.49 1.04 0.89 
CaO 50.99 51.15 51.55 52.19 52.61 52.86 50.13 52.86 53.35 
MnO 1.71 1.56 0.35 0.84 0.64 0.47 0.74 1.41 1.19 
FeO 0.85 0.84 1.27 1.05 0.71 1.05 1.36 0.68 0.49 
SrO 0.12 0.14 0.33 0.44 0.58 0.14 0.36 0.08 0.14 
CO2 44.18 44.19 44.25 43.94 43.97 44.07 45.13 43.92 43.92 
Total 99.04 99.05 98.96 100.06 99.96 99.65 99.22 99.99 99.99 
atoms based on 6 0 
Mg 0.059 0.059 0.060 0.079 0.072 0.053 0.074 0.052 0.044 
Ca 1.829 1.834 1.847 1.863 1.878 1.889 1.788 1.889 1.906 
Mn 0.048 0.044 0.010 0.024 0.Q18 0.013 0.021 0.040 0.034 
Fe 0.024 0.023 0.035 0.029 0.020 0.029 0.038 0.019 0.014 
Sr 0.002 0.003 0.006 0.009 0.011 0.003 0.007 0.002 0.003 
C 1.962 1.963 1.959 2.003 1.999 1.987 2.052 2.001 2.001 
29. Kensington Zone 10, SG97-55 
30. Kensington Zone 30, SG97-21A 
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Calcite ( continued) 
Wt% 30 30 30 30 30 30 30 30 30 
MgO 1.22 1.23 1.21 1.13 1.33 1.26 1.02 0.88 1.14 
CaO 52.98 52.49 52.24 50.60 51.29 51.67 51.72 52.76 51.46 
MnO 1.59 1.78 1.60 1.61 1.72 1.62 1.45 1.21 1.71 
FeO 0.70 0.71 0.72 0.88 0.86 0.74 0.59 0.50 0.78 
SrO 0.00 0.14 0.18 0.00 0.18 0.28 0.11 0.20 0.21 
CO2 43.85 43.84 43.94 44.35 44.07 44.02 44.19 44.03 44.06 
Total 100.34 100.19 99.88 98.57 99.46 99.58 99.08 99.57 99.36 
atoms based on 6 0 
Mg 0.060 0.061 0.060 0.056 0.066 0.063 0.051 0.044 0.057 
Ca 1.890 1.875 1.868 1.816 1.837 1.850 1.854 1.888 1.844 
Mn 0.045 0.050 0.045 0.046 0.049 0.046 0.041 0.034 0.049 
Fe 0.019 0.020 0.020 0.025 0.024 0.021 0.016 0.014 0.022 
Sr 0.000 0.003 0.003 0.000 0.003 0.005 0.002 0.004 0.004 
C 2.015 2.009 1.996 1.943 1.979 1.984 1.964 1.984 1.975 
Wt% 30 30 30 30 30 30 30 30 31 
MgO 1.34 0.94 1.34 1.42 1.38 1.37 1.08 1.09 0.40 
CaO 51.01 51.93 51.35 50.94 51.90 51.44 51.77 51.71 56.20 
MnO 1.79 1.45 1.65 1.78 1.66 1.79 1.47 1.56 0.00 
FeO 0.77 0.55 0.83 1.00 0.77 0.92 0.67 0.69 1.02 
SrO 0.25 0.17 0.07 0.12 0.14 0.06 0.15 0.04 0.86 
CO2 44.11 44.14 44.13 44.10 43.98 44.04 44.13 44.15 43.25 
Total 99.27 99.18 99.37 99.37 99.83 99.61 99.27 99.24 101.75 
atoms based on 6 0 
Mg 0.067 0.047 0.067 0.071 0.068 0.068 0.054 0.054 0.020 
Ca 1.828 1.861 1.837 1.824 1.855 1.840 1.855 1.852 1.997 
Mn 0.051 0.041 0.047 0.051 0.047 0.051 0.042 0.044 0.000 
Fe 0.021 0.015 0.023 0.028 0.022 0.026 0.019 0.019 0.028 
Sr 0.005 0.003 0.001 0.002 0.003 0.001 0.003 0.001 0.017 
C 1.972 1.968 1.976 1.976 1.994 1.986 1.972 1.970 2.062 
30. Kensington Zone 30, SG97-21A 
31. Ophir, 88459X 
95 
Calcite ( continued) 
Wt% 31 32 32 32 32 32 32 32 32 
MgO 0.43 0.68 0.74 0.71 0.82 0.83 0.66 0.72 0.77 
CaO 56.13 54.67 55.43 54.15 54.63 54.91 54.47 54.58 53.15 
MnO 0.03 0.35 0.34 0.28 0.40 0.38 0.27 0.34 0.35 
FeO 1.10 0.15 0.16 0.18 0.27 0.15 0.08 0.30 0.18 
SrO 0.88 0.07 0.00 0.06 0.10 0.04 0.00 0.01 0.00 
CO2 43.23 44.03 43.87 44.16 43.96 43.96 44.14 44.02 45.11 
Total 101.81 99.94 100.54 99.54 100.17 100.26 99.63 99.97 99.57 
atoms based on 6 0 
Mg 0.021 0.034 0.037 0.035 0.041 0.041 0.033 0.036 0.038 
Ca 1.994 1.950 1.972 1.933 1.947 1.955 1.943 1.946 1.896 
Mn 0.001 0.010 0.010 0.008 0.011 0.011 0.008 0.010 0.010 
Fe 0.031 0.004 0.004 0.005 0.007 0.004 0.002 0.008 0.005 
Sr 0.017 0.001 0.000 0.001 0.002 0.001 0.000 0.000 0.000 
C 2.064 1.999 2.023 1.982 2.008 2.012 1.986 2.000 2.051 
Wt% 32 32 33 33 33 33 33 33 33 
MgO 0.81 0.75 0.61 0.78 0.70 0.58 0.45 0.55 0.57 
CaO 53.18 53.24 53.65 51.49 53.54 53.46 54.11 51.83 56.30 
MnO 0.39 0.57 0.19 0.18 0.29 0.41 0.31 0.30 0.35 
FeO 0.18 0.22 0.55 0.88 0.53 0.50 0.76 0.55 0.48 
SrO 0.00 0.00 0.30 0.61 0.48 0.58 0.51 2.79 0.69 
CO2 45.02 44.91 44.11 44.38 44.03 43.99 43.84 43.53 43.34 
Total 99.58 99.68 99.41 98.32 99.57 99.54 99.98 99.56 101.72 
atoms based on 6 0 
Mg 0.040 0.037 0.031 0.039 0.035 0.029 0.022 0.028 0.028 
Ca 1.897 1.899 1.922 1.858 1.918 1.918 1.938 1.878 1.997 
Mn 0.011 0.016 0.005 0.005 0.008 0.012 0.009 0.009 0.010 
Fe 0.005 0.006 0.015 0.025 0.015 0.014 0.021 0.016 0.013 
Sr 0.000 0.000 0.006 0.012 0.009 O.Dll 0.010 0.055 0.013 
C 2.047 2.042 1.979 1.939 1.985 1.984 2.000 1.985 2.061 
31. Ophir, 88459X Ophir 
32. Ophir, SG97-78 
33. Ophir, SG98-184a 
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Calcite ( contipued) 
Wt% 33 33 33 34 35 35 35 35 35 
MgO 0.48 0.89 1.03 0.87 0.29 0.47 0.33 0.36 0.37 
CaO 55.88 50.55 51.40 51.62 54.67 54.05 50.55 52.99 51.16 
MnO 0.47 0.42 0.53 1.45 2.22 2.27 2.09 2.13 2.07 
FeO 0.68 0.86 1.19 0.83 0.51 0.46 0.84 0.49 0.78 
SrO 0.61 1.02 0.77 1.64 0.24 0.45 0.45 0.53 0.21 
CO2 43.37 44.36 44.11 43.57 43.34 43.38 44.14 43.63 44.11 
Total 101.50 98.10 99.03 99.98 101.27 101.08 98.39 100.14 98.70 
atoms based on 6 0 
Mg 0.024 0.045 0.052 0.044 0.014 0.023 0.017 0.018 0.019 
Ca 1.986 1.830 1.850 1.860 1.950 1.930 1.833 1.903 1.849 
Mn 0.013 0.012 0.015 0.041 0.063 0.064 0.060 0.060 0.059 
Fe 0.019 0.024 0.033 0.023 0.014 0.013 0.024 0.014 0.022 
Sr 0.012 0.020 0.015 0.032 0.005 0.009 0.009 0.010 0.004 
C 2.054 1.931 1.965 2.000 2.046 2.039 1.942 2.006 1.953 
Wt% 35 35 
MgO 0.29 0.45 
CaO 53.49 53.89 
MnO 1.85 1.99 
FeO 0.27 0.54 
SrO 0.42 0.61 
CO2 43.71 43.42 
Total 100.04 100.89 
atoms based on 6 0 
Mg 0.014 0.022 
Ca 1.919 1.927 
Mn 0.052 0.056 
Fe 0.008 0.015 
Sr 0.008 0.012 
C 2.002 2.033 
33. Ophir, SG98-184a 
34. Ophir, SG98-185 
35. Valentine, SG98-55 
97 
Ankerite 
Wt% 1 1 2 2 3 3 3 3 4 
MgO 12.65 11.44 8.04 8.39 9.81 9.51 9.61 14.44 12.86 
CaO 32.10 31.34 33.39 33.19 31.59 31.95 32.00 29.24 31.12 
MnO 1.72 1.71 1.65 1.59 0.57 0.95 0.82 1.18 1.57 
FeO 9.42 11.69 15.52 15.37 15.01 14.51 14.70 11.66 9.96 
SrO 0.50 2.08 0.07 0.19 0.65 0.77 0.81 0.71 1.18 
CO2 44.64 43.66 43.16 43.18 43.64 43.58 43.52 44.52 44.47 
Total 101.04 101.91 101.82 101.92 101.27 101.28 101.47 101.76 101.16 
atoms based on 6 0 
Mg 0.611 0.559 0.398 0.415 0.483 0.469 0.474 0.694 0.623 
Ca 1.115 1.101 1.188 1.179 1.119 1.133 1.134 1.009 1.083 
Mn 0.047 0.048 0.046 0.045 0.016 0.027 0.023 0.032 0.043 
Fe 0.255 0.320 0.431 0.426 0.415 0.402 0.407 0.314 0.270 
Sr 0.009 0.039 0.001 0.004 0.013 0.015 0.016 0.013 0.022 
C 2.040 2.070 2.060 2.070 2.050 2.050 2.050 2.060 2.040 
Wt% 4 5 5 5 5 5 5 5 6 
MgO 13.10 13.73 14.24 14.91 11.63 12.81 13.19 15.36 6.88 
CaO 31.09 30.55 30.34 29.15 32.17 31.86 29.47 27.24 33.95 
MnO 1.47 1.64 1.73 1.21 1.39 1.59 1.39 1.34 1.22 
FeO 9.43 9.62 9.53 11.06 9.36 9.44 11.80 11.05 13.58 
SrO 0.70 0.14 0.07 0.11 0.13 0.02 0.00 0.06 0.27 
CO2 44.83 45.00 45.03 44.90 45.01 44.91 44.77 45.29 43.76 
Total 100.63 100.68 100.93 101.34 99.68 100.63 100.62 100.34 99.66 
atoms based on 6 0 
Mg 0.633 0.661 0.683 0.714 0.567 0.618 0.639 0.738 0.345 
Ca 1.080 1.057 1.046 1.003 1.126 1.105 1.025 0.940 1.222 
Mn 0.040 0.045 0.047 0.033 0.038 0.044 0.038 0.037 0.035 
Fe 0.256 0.260 0.256 0.297 0.256 0.256 0.321 0.298 0.382 
Sr 0.013 0.003 0.001 0.002 0.002 0.000 0.000 0.001 0.005 
C 2.020 2.020 2.034 2.048 1.989 2.023 2.023 2.013 1.989 
1. Elmira, SG98-2 
2. Elmira, SG98-5 
3. Elmira, SG98-17 
4. Elmira, SG98-19 
5. Elmira, SG98-23 
6. Empire, SG97-82 
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Ankerite ( continued) 
Wt% 7 7 7 7 7 8 8 8 8 
MgO 10.88 11.06 7.98 7.96 8.32 13.45 10.36 10.47 10.95 
CaO 28.40 27.89 28.18 28.90 28.04 30.66 33.01 32.48 31.69 
MnO 0.89 0.71 0.74 0.92 0.82 0.81 0.79 0.70 0.51 
FeO 13.29 12.64 19.58 19.25 19.50 12.40 13.38 11.89 13.13 
SrO 0.00 0.00 0.10 0.00 0.10 0.06 0.16 0.08 0.23 
CO2 44.91 47.38 44.01 43.81 43.09 44.43 43.88 44.50 44.25 
Total 98.37 99.68 100.59 100.85 99.87 101.82 101.58 100.12 100.76 
atoms based on 6 0 
Mg 0.540 0.549 0.396 0.395 0.413 0.647 0.506 0.513 0.535 
Ca 1.013 0.995 1.005 1.031 1.000 1.060 1.159 1.144 1.114 
Mn 0.025 0.020 0.021 0.026 0.023 0.022 0.022 0.020 0.014 
Fe 0.370 0.352 0.545 0.536 0.543 0.335 0.367 0.327 0.360 
Sr 0.000 0.000 0.002 0.000 0.002 0.001 0.003 0.001 0.004 
C 2.042 2.154 2.001 1.992 1.959 2.064 2.056 2.005 2.028 
Wt% 9 9 9 10 10 11 11 12 13 
MgO 11.66 13.07 12.17 14.09 12.93 9.20 7.01 11.16 8.06 
CaO 30.80 30.95 30.47 31.28 32.01 33.12 32.12 28.20 30.12 
MnO 1.15 0.83 1.08 1.14 1.03 1.36 1.41 1.52 1.01 
FeO 12.87 11.59 12.61 9.38 9.28 14.12 18.31 11.82 16.28 
SrO 0.12 0.06 0.14 0.09 0.12 0.04 0.24 0.00 1.61 
CO2 44.31 44.64 44.42 45.03 45.04 43.62 42.72 45.49 43.26 
Total 100.91 101.15 100.90 101.02 100.41 101.46 101.80 98.19 100.34 
atoms based on 6 0 
Mg 0.569 0.632 0.593 0.677 0.624 0.453 0.351 0.554 0.405 
Ca 1.081 1.076 1.067 1.079 1.111 1.171 1.155 1.006 1.088 
Mn 0.032 0.023 0.030 0.031 0.028 0.038 0.040 0.043 0.029 
Fe 0.353 0.314 0.344 0.253 0.251 0.390 0.514 0.329 0.459 
Sr 0.020 0.010 0.030 0.020 0.020 0.001 0.005 0.000 0.031 
C 2.055 2.055 2.064 2.060 2.035 2.052 2.064 2.068 2.013 
7. Empire, SG97-87 
8. Eureka, SG98-10 
9. Horrible, SG97-63Al 
10. Horrible, SG97-65B3 
11. Johnson, SG97-26a 
12. Johnson, SG97-26b 
13. Jualin, SG97-85 
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Ankerite ( continued) 
Wt% 13 13 13. 14 15 15 15 15 16 
MgO 7.63 10.20 8.42 8.98 8.38 7.46 9.78 9.88 8.82 
CaO 30.92 31.39 30.19 32.71 33.96 33.73 31.57 31.42 29.25 
MnO 1.14 1.85 0.95 1.29 0.95 1.13 1.34 1.23 0.80 
FeO 18.20 13.81 18.16 15.15 14.46 14.55 14.02 14.11 17.46 
SrO 0.70 0.31 0.52 0.12 0.58 1.71 1.41 0.87 0.13 
CO2 42.86 43.76 43.08 43.41 43.32 42.95 43.43 43.66 43.66 
Total 101.46 101.32 101.32 101.67 101.65 101.54 101.55 101.17 100.11 
atoms based on 6 0 
Mg 0.382 0.501 0.420 0.443 0.414 0.372 0.483 0.487 0.440 
Ca 1.113 1.108 1.082 1.159 1.206 1.210 1.120 1.114 1.050 
Mn 0.032 0.052 0.027 0.036 0.027 0.032 0.037 0.034 0.023 
Fe 0.511 0.381 0.508 0.419 0.401 0.407 0.388 0.390 0.489 
Sr 0.014 0.006 0.010 0.002 0.011 0.033 0.027 0.017 0.003 
C 2.052 2.047 2.048 2.059 2.059 2.055 2.055 2.042 2.005 
Wt°/4 17 17 18 18 19 19 19 19 20 
MgO 6.97 5.96 9.40 6.81 11.64 11.48 11.36 11.70 12.93 
CaO 32.18 31.52 29.07 33.55 28.29 28.79 28.79 28.74 32.04 
MnO 0.84 0.56 0.89 1.10 0.99 1.06 1.13 1.06 1.35 
FeO 17.68 20.70 16.16 16.47 13.04 12.89 13.00 13.00 9.17 
SrO 0.77 0.85 0.47 1.14 0.05 0.00 0.00 0.05 0.08 
CO2 42.86 42.26 43.87 42.71 43.79 43.86 44.32 44.01 44.98 
Total 101.29 101.84 99.88 101.78 97.81 98.09 98.61 98.57 100.56 
atoms based on 6 0 
Mg 0.350 0.301 0.469 0.341 0.578 0.570 0.564 0.581 0.624 
Ca 1.160 1.145 1.041 1.207 1.009 1.027 1.027 1.025 1.112 
Mn 0.024 0.016 0.025 0.031 0.028 0.030 0.032 0.030 0.037 
Fe 0.498 0.587 0.452 0.462 0.363 0.359 0.362 0.362 0.248 
Sr 0.015 0.017 0.009 0.022 0.001 0.000 0.000 0.001 0.002 
C 2.046 2.066 1.996 2.063 1.991 1.994 2.015 2.001 2.023 
13. Jualin, SG97-85 
14. Jualin, SG98-101 
15. Jualin, SG98-103 
16. Jualin, SG98-159 
17. Jualin, SG98-193 
18. Jualin, SG98-194 
19. Kensington Zone 10, SG97-37 
20. Kensington Zone 10, SG97-44c16 
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Ankerite ( continued) 
Wt% 20 20 20 20 21 21 21 22 22 
MgO 13.24 9.36 13.06 13.13 13.80 13.62 13.88 12.65 12.11 
CaO 32.04 36.28 31.21 31.05 30.11 30.10 29.59 28.40 26.89 
MnO 1.32 1.05 1.27 1.16 1.12 1.08 1.20 0.96 1.06 
FeO 9.35 7.31 9.17 9.19 10.87 10.68 11.32 11.89 12.25 
SrO 0.05 0.08 0.00 0.01 0.12 0.11 0.07 0.10 0.00 
CO2 44.91 45.03 45.22 45.28 44.87 44.97 44.84 45.07 44.41 
Total 100.91 99.11 99.93 99.81 100.89 100.55 100.90 99.07 96.71 
atoms based on 6 0 
Mg 0.638 0.458 0.631 0.634 0.666 0.657 0.670 0.628 0.601 
Ca 1.109 1.276 1.084 1.078 1.044 1.045 1.026 1.013 0.959 
Mn 0.036 0.029 0.035 0.032 0.031 0.030 0.033 0.027 0.030 
Fe 0.253 0.201 0.248 0.249 0.294 0.289 0.306 0.331 0.341 
Sr 0.001 0.002 0.000 0.000 0.002 0.002 0.001 0.002 0.000 
C 2.037 1.965 1.998 1.993 2.036 2.023 2.037 2.049 2.019 
Wt% 22 22 22 22 22 22 22 22 23 
MgO 11.68 7.35 8.28 8.54 11.89 7.35 8.28 8.54 11.91 
CaO 29.04 30.98 31.46 30.50 26.13 30.98 31.46 30.50 27.78 
MnO 1.24 0.78 1.17 0.82 1.06 0.78 1.17 0.82 0.71 
FeO 11.39 17.10 15.01 15.91 11.71 17.10 15.01 15.91 12.36 
SrO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CO2 44.69 44.25 44.34 44.03 46.67 44.25 44.34 44.03 45.18 
Total 98.05 100.46 100.26 99.81 97.46 100.46 100.26 99.81 97.93 
atoms based on 6 0 
Mg 0.580 0.365 0.411 0.424 0.590 0.365 0.411 0.424 0.591 
Ca 1.036 1.105 1.122 1.088 0.932 1.105 1.122 1.088 0.991 
Mn 0.035 0.022 0.033 0.023 0.030 0.022 0.033 0.023 0.020 
Fe 0.317 0.476 0.418 0.443 0.326 0.476 0.418 0.443 0.344 
Sr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C 2.032 2.012 2.016 2.002 2.122 2.012 2.016 2.002 2.054 
20. Kensington Zone 10, SG97-44c16 
21. Kensington Zone 10, SG97-55 
22. Kensington Zone 44, SG97-4 
23. Lion's Head Shear Zone, SG97-24 
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Ankerite ( continued) 
Wt% 23 24 24 24 24 25 25 25 25 
MgO 12.43 12.18 13.57 14.33 16.05 12.60 12.09 12.07 12.36 
CaO 27.84 33.01 30.22 30.22 28.84 32.14 32.06 31.97 31.01 
MnO 0.85 1.09 1.09 1.24 1.25 2.48 2.22 2.09 2.45 
FeO 12.36 8.33 9.25 9.50 9.59 7.40 7.74 6.81 7.61 
SrO 0.00 0.12 0.15 0.36 1.35 0.80 0.92 1.49 0.76 
CO2 44.47 45.16 45.38 45.09 44.82 44.92 44.92 45.05 45.18 
Total 97.95 99.90 99.66 100.73 101.89 100.34 99.96 99.48 99.36 
atoms based on 6 0 
Mg 0.617 0.590 0.655 0.688 0.765 0.610 0.588 0.589 0.602 
Ca 0.993 1.149 1.049 1.043 0.987 1.118 1.121 1.121 1.085 
Mn 0.024 0.030 0.030 0.034 0.034 0.068 0.061 0.058 0.068 
Fe 0.344 0.226 0.251 0.256 0.256 0.201 0.211 0.186 0.208 
Sr 0.000 0.002 0.003 0.007 0.025 0.015 0.017 0.028 0.014 
C 2.022 1.997 1.988 2.027 2.067 2.013 1.999 1.982 1.977 
Wt% 25 25 25 25 25 26 26 26 26 
MgO 13.42 14.73 14.70 12.63 11.71 10.38 12.14 11.38 10.90 
CaO 28.77 29.65 29.90 32.00 32.21 31.14 30.67 30.86 30.22 
MnO 1.00 1.02 1.22 2.49 2.46 0.81 1.14 1.19 1.09 
FeO 9.31 9.00 7.77 7.17 7.01 12.78 11.92 13.45 13.44 
SrO 0.55 0.63 1.28 1.53 0.93 0.93 1.19 0.96 0.94 
CO2 45.61 45.30 45.31 45.10 45.08 44.18 44.18 43.82 44.05 
Total 98.65 100.33 100.18 100.92 99.39 100.22 101.24 101.67 100.65 
atoms based on 6 0 
Mg 0.653 0.707 0.707 0.630 0.571 0.511 0.591 0.556 0.536 
Ca 1.006 1.023 1.033 1.111 1.129 1.103 1.074 1.084 1.068 
Mn 0.028 0.028 0.033 0.068 0.068 0.023 0.032 0.033 0.031 
Fe 0.254 0.242 0.209 0.194 0.192 0.353 0.326 0.368 0.371 
Sr 0.010 0.012 0.024 0.029 0.018 0.018 0.023 0.018 0.018 
C 1.951 2.012 2.007 2.033 1.979 2.008 2.045 2.059 2.024 
23. Lion's Head Shear Zone, SG97-24 
24. Ophir, 88459X 
25. Ophir, SG98-182 
26. Thomas, SG98-39 
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Other Carbonates 
Wt% 1 2 2 3 3 3 4 5 5 
MgO 18.2783 15.6634 17.8962 5.40 5.26 5.70 4.82496 16.62 16.27 
CaO 32.1057 32.5802 32.3233 45.02 45.02 44.27 45.7229 29.99 30.26 
MnO 0.351116 0.167055 0.225869 0.46 0.39 0.50 0.754402 1.37 1.41 
FeO 2.46059 6.71402 3.87509 2.98 3.20 3.02 3.83119 6.59 6.55 
SrO 0.152029 0.096181 0.153412 0.10 0.05 0.16 0.080717 0.13 0.09 
CO2 46.76827 45.67914 46.34113 44.39 44.47 45.46 44.43453 45.85 45.84 
Oxide Tot 100.116 100.9 100.815 98.35 98.39 99.10 99.6487 100.55 100.42 
atoms based on 6 0 
Mg 0.852239 0.740748 0.835125 0.268 0.261 0.283 0.237915 0.787 0.772 
Ca 1.07587 1.10736 1.08407 1.606 1.606 1.579 1.62036 1.021 1.032 
Mn 0.009302 0.004489 0.005989 0.013 0.011 0.014 0.021135 0.037 0.038 
Fe 0.06436 0.178122 0.101443 0.083 0.089 0.084 0.105977 0.175 0.174 
Sr 0.002757 0.001769 0.002785 0.002 0.001 0.003 0.001548 0.002 0.002 
C 2 2.03 2.03 2.018 2.022 2.067 1.99 2.023 2.018 
Wt% 6 6 6 1. Dolomite, Elmira SG98-5 
MgO 5.22 6.63 5.32 2. Ferroan dolomite, Elmira SG98-5 
CaO 42.61 38.41 38.07 3. Ferroan calcite, Jualin core SG97-97b 
MnO 1.10 1.13 0.71 4. Ferroan dolomite, Kensington Zone 10 SG97-44 
FeO 5.39 7.08 12.03 5. Ferroan calcite, Kensington Zone 10 SG97-55 
SrO 0.05 0.05 0.05 6. Ferroan calcite, Kensington Zone 10 SG97-37 
CO2 44.85 45.55 43.59 
Oxide Tot 99.22 98.85 99.78 
atoms based on 6 0 
Mg 0.259 0.329 0.264 
Ca 1.520 1.370 1.358 
Mn 0.031 0.032 0.020 
Fe 0.150 0.197 0.335 
Sr 0.001 0.001 0.001 
C 2.039 2.071 1.982 
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APPENDIX C. SAMPLE DESCRIPTIONS AND MINERALOGY OF 
INDMDUAL SAMPLES 
Sample Vein Stage Location Py Cp Gn Tt Po Sp Mo St Cv Bn Ac Mg Hm Pv Bi Tr Au El Ca Pt Hs Co Al Fr Sy Vn Rk Tb Gt 
SG98196 Big Lake surface vein 3 T T T 
SG9761 Comet shear zone 100 T T 
* SG9779a Comet dump sample 100 
* SG9779b Comet dump sample 100 T T T T T T T 
* SG98 36 Comet dump sample T 
* SG9898 Comet vein 2 dump T T 
SG9899 Comet vein 2 dump T 
* SG98 I Elmira 3 K-446-98 I 078' 
* SG98 2 Elmira 3b/4 K-469-98, 1285' 2 
SG983 Elmira 3/4 K-486-98, 1233.5' 25 T 
* SG98 4 Elmira 3b/4 K-488-98, 1303.5' 3 3 
* SG985 Elmira 3b/4 K-483-98, 792' 10 T 
SG9812 Elmira (SZ) K-487-98, 349.5' 3 
* SG98 13 Elmira (SZ) K-463-98, 299.5' 2 3 T T T? 
* SG98 l7 Elmira K-497-98 1186.3' 
* SG98 19 Elmira K-493-98 1179.6 
SG9820 Elmira K-496-98, 13 I 4.5' 20 T 
* SG98 23 Elmira K-493-98 1175.5 
SG98 25 Elmira (SZ) K-500-98, 228' T 15 10 T 
...... 
Ss: 
* SG9828 Elmira K-496-98, 140 I' 35 T T T T T T 
SG98 123 Elmira (SZ) I K-508-98('?), 251.3' T T T T 
* SG98 124 Elmira (SZ) I K-508-98('?), 205.3' T T T T T 
SG98125 Elmira (SZ) I K-508-98(?), 259.1' T T T T 
* SG98 152 Elmira 3 K-500-98, 982' 8 '? T T? T? T 
SG98152b Elmira 3 K-500-98, 982' 7 T? 
SG98 160 Elmira K-499-98, I I 12' T 2 2 3 
SG98162 Elmira K-499-98, I 144' T T T T T 
SG98163 Elmira K-499-98, 1178.3' I T T T 
* SG98 l 87 Elmira K-499-98, 1224' 10 T T T 
SG98188 Elmira K-499-98, 1218.5' 75 T T 
SG98189 Elmira 3 K-499-98, 120 I' 15 T T 
SG98 191 Elmira 3 K-499-98, 1179.8' 45 T T T T T T 
SG98 192 Elmira 3 K-499-98, 1177.8' 40 T T 
SG98 199 Elmira 3 K-500-98, 1269' T T T T T 
SG98195 Elmira 3 K-499-98, 1173.5' I T T 
* SG98197 Elmira (SZ) K-499-98, 128.5' 25 T T T T T 
* SG97 83 Empire core DDHI03 (369') T 
Sample Vein Stage Location Py Cp Gn Tt 
* SG97 87 Empire core DDH I 06 (319') T 
* SG97 88 Empire core DDHI06 (319') 97 T 
* SG9789 Empire core DDHI06 (288') 33 T T 
* SG97 90 Empire core DDH I 06 (346') 100 T 
SG9895a Empire JDH-1 IO 920.7' 15 T T 
* SG9895b Empire JDH-1 IO 920.7' 7 T 
* SG9896a Empire JDH-1 IO 935.7' 5 T 
* SG97 19 Eureka 2050 adit 100 T 
* SG9758 Eureka surface 50 50 
SG987 Eureka K-477-98, 212.5' 5 T T 
* SG98 8 Eureka K-476-98, 282.5' I 
SG989 Eureka K-466-98, 557.5' 30 T 
* SG98 10 Eureka K-472-98, 445.5' 10 
* SG97 80 Fremming surrace 50 5 10 
* SG97 80a Fremming surface 45 5 IO 
SG9780c Fremming surface 100 T 
* SG97 80d Fremming surface 100 T 
SG9780dl Fremming surface 100 T 
SG9780g Fremming surface 100 T 
SG98 56a Fremming surface vein 20 2 T 
SG9856b Fremming surface vein 15 I T 
SG9858 Fremming surface vein 20 25 
* SG98 59 Fremming surface vein 30 30 
SG9860 Fremming surface vein 45 15 
SG9861 Fremming surface vein I T 
SG9863 Fremming surface vein 15 I 
* SG9864 Fremming surface vein 30 2 
SG9865 Fremming surface vein 35 I 
* SG973Ia Horrible surface, upper exp l00 T 
SG97 31b Horrible surface, upper exp 100 T 
* SG9763a Horrible N end of vein, 850' 100 
SG97 63c Horrible N end of vein, 850' l00 ?T 
SG97 63cl Horrible N end of vein, 850' l00 
SG9763c2 Horrible N end of vein, 850' l00 
* SG9763c3 Horrible N end of vein, 850' l00 
SG9764 Horrible 200' S of N end, 850' 65 35 
* SG9765b Horrihle dump 100 
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Sample Vein Stage Location Py Cp Gn Tt Po Sp Mo St Cv Bn Ac Mg Hm Pv Bi Tr Au El Ca Pt Hs to Al Fr Sy Vn Rk Tb Gt 
SG97 66 Horrible dump 100 
* SG9773 Horrible dump 5 T 95 
* SG97 74 Horrible dump 100 T T T 
SG9775 Horrible dump 100 T T 
* SG97 76 Horrible dump 100 T T T 
SG97- 81 Horrible core 98 2 T 
SG97 118 Horrible "blue vein" 100 T T 
., SG97 121a Horrible dump 100 T T T T T T 
* SG97121b Horrible dump 100 T T T T T 
SG97 121c Horrible dump 100 T T T 
SG97 121d Horrible dump 100 T T 
SG98 129 Horrible 3 north end I 2 I 
SG98 130 Horrible 4 north end T I T T 
SG98131 Horrible 4 north end T 
SG98 132 Horrible 3b north end, east wall T T T T T 
SG98 133 Horrible 2 north end, east wall I T T I 
SG98 134 Horrible 4 north end, cast wall 3 T T T 
SG98 135 Horrible 3 opp. I st tunnel S 3 T 2 
SG98 137 Horrible 2nd tunnel, 75 ft in 2 T 
88453X Horrible Coeur thin section 100 ?T T T T 
88454X Horrible Coeur thin section 100 T '?T 
88455X Horrible Coeur thin section 100 T T T 
* SG97 25 Johnson 2050 adit 100 
SG9726al Johnson I st vein S, 2050' T 100 T T 
* SG97 26a2 Johnson 2nd vein S, 2050' T 100 T T T 
* SG97 26b Johnson 3rd vein S, 2050' 5 95 T T T 
* SG97 27bl Johnson "Horrible-style" T 100 
SG9727b2 Johnson "Horrible-style" T 100 
SG986 Johnson K-487-98, 1523.5' 15 T T 
SG98 89 Johnson surface vein, 2850' 20 T T 
SG9890 Johnson surface vein, 2850' 30 T 
SG98 102a Johnson surface vein, 2850' 45 I 
SG98 102b Johnson surface vein, 2850' 85 2 T 
SG98 110 Johnson surface vein, 3200' T T 
SG98 11 I Johnson surface vein, 3200' 4 I 
SG98 200 Johnson K-500-98, 1392' 40 T T T 
* SG9784 Jualin core DDH-18 (574') 100 T T T 
Sample Vein Stage Location Py Cp 
* SG97 85 Jualin core DDH-18 (533') 100 T 
SG97-85a Jualin core DDH-18 (533') l00 
SG97 86a Jualin core DDH-18 (534') 30 T 
SG97-86b Jualin core DDH-18 (534') 
SG97-94 Jualin core, 523' 99 I 
SG9795 Jualin core 1089 (600') 100 T 
* SG97-95a Jualin core 1089 (600') l00 
* SG9797a Jualin core 1089-63, ( 1100') 10 
* SG97- 97ac I Jualin core 1089-63, ( 1100') 5 
* SG97 97al Jualin core 1089-63, ( 1100') 
SG9797bl Jualin core 1089-63, ( 1100') T 
* SG9797hl I Jualin core 1089-63, ( 1100') 5 
SG97-97b22 Jualin core 1089-63, ( 1100') 4 
SG97-97c Jualin core 1089-63, (I IO0') 50 T 
SG97 97cl Jualin core 1089-63, ( 1100') 5 
SG97 98 Jualin core 1089-63, (I I 00') 100 
SG9799 Jualin core, 1089 
SG97101a Jualin discovery hole 100 
SG97- I0ib Jualin discovery hole 100 
* SG97-104 Jualin dump 95 5 
* SG97-105 Jualin dump 100 T 
* SG97 107 Jualin dump 100 T 
* SG97109 Jualin dump 100 T 
* SG97- 110 Jualin dump 100 T 
* SG97- I 12 Jualin dump 100 T 
* SG97- 113 Jualin core DDH-79 100 T 
* SG97- I 14 Jualin dump T l00 
SG97- 115 Jualin dump 100 
* SG98- I00 Jualin DDH-84, 214' 7 
* SG98- IOI Jualin DDH-84, 810.5' 2 
* SG98 103 Jualin DDH-79, 719' 
SG98 104 Jualin DDH-79, 706' 30 T 
SG98-105 Jualin DDH-79, 695/697' T T 
SG98- 106 Jualin lDH-90, 847.5' 20 I 
SG98 107 Jualin lDH-90, 846.5' 15 2 
SG98 108 Jualin DDH-83, 719' 15 2 
'* SG98109 Jualin DDH-91, 815' 35 T 
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Sample Vein Stage Location Py 
* SG98 159 Jualin JDDH-85, 621' 7 
* SG98 193 Jualin JDDH-85, 620' 3 
* SG98 194 Jualin JDDH-85, 592' 
* SG97J-I Jualin disc outcrop pan IO 
SG97 J-2 Jualin disc outcrop pan 5 
* SG97 I Kens zone 10 3 l00 
* SG972 Kens zone 10 3 l00 
SG973 Kens zone 10 3 l00 
SG97-6a Kens zone I 0 100 
SG976b Kens zone 10 100 
* SG97-7 Kens zone 10 3 100 
* SG9715 Kens zone 10 3 75' in x-cut 2 100 
SG97 16a Kens zone 10 3 75' in x-cut 2 100 
* SG97 17 Kens zone 10 3 150' in x-cut 2 95 
SG9735 Kens zone I 0 3 x-cut 2 l00 
* SG97- 37 Kens zone 10 3 x-cut 2 100 
SG97-40 Kens zone 10 3 150' in x-cut 2 100 
* SG9744 Kens zone 10 4 I 00' in x-cut 2 l00 
SG97 46 Kens zone 10 4 I 00' in x-cut 2 T 
SG97-48 Kens zone 10 3 x-cut 3 100 
* SG97 50 Kens zone 10 2/3 x-cut 3 100 
* SG97-52a Kens zone 10 3 x-cut 3 l00 
* SG9755 Kens zone 10 3/4 205' in 100 
SG9755a Kens zone 10 3/4 205' in l00 
SG98-15 Kens zone 10 K-490-98, l087.5' 20 
SG98- I 12 Kens zone 10 3 south of xcut IV 7 
SG98- I 17 Kens zone 10 3 xcut II, 240' in 5 
SG98 118 Kens zone 10 2 xcut II, 280' in 
SG98-121 Kens zone 10 4 xcut II, Stan's fault T 
SG98138 Kens zone 10 2/3 xcut IV, I 00' in 4 
SG98144 Kens zone 10 2/3 north of Zone I 0/20 2 
SG98-147 Kens zone 10 3 850 main drag 40 
SG98-173 Kens zone 10 3b/4 Ramp 2, 125' in 7 
SG98 175 Kens zone 10 3b/4 Ramp 2, 125' in 
SG98-179 Kens zone 10 Ramp 3, 185' in 5 
SG98- I 18b Kens zone 10 2 xcut II, 280' in T 
SG978 Kens zone 20 aplite dike 100 
Cp Gn Tt Po Sp Mo St Cv Bn Ac Mg Hm 
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Sample Vein Stage Location Py Cp Gn Tt Po Sp Mo St Cv Bn Ac Mg Hm Pv Bi Tr Au El Ca Pt Hs Co Al Fr Sy Vn Rk Tb Gt 
SG979 Kens zone 20 splay l00 T T 
SG9710 Kens zone 20 3 splay 95 5 T T T 
* SG9711 Kens zone 20 2 splay 100 T T T 
SG98139 Kens zone 20 2 xcut IV, 230' in T T T T T 
SG98- 141 Kens zone 20 3 IV, IO ft from E end T T 
SG98- 11 Kens zone 30 K-455-98, 103.2' 25 T T 
* SG97-21a Kens zone 30 2050 level 100 T T T 
* SG972Ib Kens zone 30 100 
SG98 154 Kens zone 30 3 ext, K-498-98, 488.8' 2 T ? 
SG98 164 Kens zone 30 KNS-6-82, 55.5' IO T 
SG98-165 Kens zone 30 K-500-98, 1215' 15 T 
SG98 166 Kens zone 30 K-498-98, 50-55' 2 T T 
* SG97 18c Kens zone 41 3 x-cut I, 950' 100 T T T 
SG9718c2 Kens zone 41 3 x-cut I, 950' 100 T 
SG98 168 Kens zone 41 2/3 Crosscut I, 45-50' in T 20 T 
SG98 169 Kens zone 41 4 Crosscut I, 60' in T T T T 
SG98 171 Kens zone 41 3 Crosscut I, 160' in 15 T 
* SG97-4 Kens zone 44 4 Stan's fault T T 
* SG97 5 Kens zone 44 3 8"above fw 100 T T T T 
,_. 
g 
SG98-146 Kens zone 44 3 850 main drag 5 T T 
* SG9756b Kensington 3 glory hole l00 T T 
* SG97-56c Kensington 3 glory hole 100 T T T 
SG9756cl Kensington 3 glory hole 100 T T T 
* 40057X Kensington Coeur thin section l00 T T T T 
* 90-224X Kensington Coeur thin section l00 T T 
* 90-226X Kensington Coeur thin section 70 30 T T 
* 92-00SX Kensington Coeur thin section 100 T T T 
* 92-009X Kensington Coeur thin section l00 T T T T 
88456X Kensington Coeur thin section l00 T T 
88457X Kensington Coeur thin section 100 T T 
88458X Kensington Coeur thin section 100 T 
92-007X Kensington Coeur thin section 100 T 
K-190 Kensington Coeur thin section 100 T T T T T 
K-290 Kensington Coeur thin section 90 9 T T T 
* SG9724 Ln's Hd SZ 2050 level adit 100 T 
SG97 27b2 Mexican surface, upper exp 100 T 
SG97 29 Mexican surface, upper exp 100 ? 
Sample Vein Stage Location Py Cp 
* SG9730 Mexican surface, lower exp 100 
SG97 30b Mexican surface, lower exp 100 
SG9730c Mexican surface, lower exp 100 
SG9757 NBcllc surface 100 
SG9757a N Belle surface 100 
* SG97 59 Ophir 4 2250' from 850 port. 100 T 
SG9759a Ophir 4 2250' from 850 port. 100 
* SG9760 Ophir 4 2050' from 850 port. 100 T 
* SG9762a Ophir 4 2425' from 850 port. 100 
* SG9778 Ophir portal 100 T 
* SG98 182 Ophir 40' E of 2nd vein in 
SG98 183 Ophir 3/3h 3rd vein E of portal I 
* SG98 184a Ophir 3rd vein E of portal 
* SG98 184b Ophir 3rd vein E of portal 
* SG98 185 Ophir 2 200 m cast of portal 
* 88459X Ophir Coeur thin section 100 
88461X Ophir Coeur thin section 100 
SG97 33a Savage surface 100 
SG9733e Savage surface 100 
SG9894a Seward east portal ,T T 
SG9894b Seward east portal T 
SG98 34 Thomas stash at portal 
* SG98 35 Thomas stash at portal I 
* SG98 36a Thomas stash at portal 
SG9836b Thomas stash at portal 
SG9837 Thomas stash at portal I 3 
SG98 38 Thomas stash at portal T T 
* SG98 39 Thomas stash at portal 10 
SG9840 Thomas stash at portal T T 
SG98 41 Thomas stash at portal T 7 
SG9842 Thomas stash at portal T 15 
* SG98-43a Thomas stash at portal I 3 
* SG9843b Thomas stash at portal I T 
SG98 45 Thomas stash at portal T I 
SG9846 Thomas stash at portal T 
SG9847 Thomas stash at portal T 
* SG9849 Valentine dump 10 15 
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Sample Vein Stage Location Py Cp Gn Tt Po Sp Mo St Cv Bn Ac Mg Hm Pv Bi Tr Au El Ca Pt Hs Co Al Fr Sy Vn Rk Tb Gt 
SG9850 Valentine dump T 
* SG98 51 Valentine dump IO I T T T 
SG98 53 Valentine dump 3 7 T T 
* SG9855 Valentine dump 8 20 T T T? 
* SG9867 Valentine dump 30 5 T T T T T T T T 
* SG98 68 Valentine dump 15 30 T I I T T 
* SG98 70 Valentine dump 7 70 2 T T T T T 
* SG98 72 Valentine dump 17 20 3 T T T 
SG98 77 Valentine dump 10 5 T T? 
SG9879 Valentine dump 5 I 
* SG98 80 Valentine dump 10 15 T T T T T 
SG98 81 Valentine dump 25 5 T? 
SG98 85 Valentine dump 15 I 5 
SG9891 Valentine dump 5 5 T? 
Numbers=% of all minerals in section (opaque and transparent), T = trace amount. 
* Probed sections. Compositional data listed in appendices A and B. 
Minerals: Ac acanthitc (Ag2S), Al altaitc (PbTe), Au gold, Bi bismuthinitc (Bi2S3), Bn bornite (Cu5FeS4), Ca calaveritc (AuTe2), Co coloradoite (HgTe), Cv covellite (CuS), 
Cp chalcopyrite (CuFeS2), Cu copper, El electrum (Au,Ag), Fr friedrichite/aikinite (CuPbBiS2_3), Gn galena (PbS), Gr graphite, Hs hessite (Ag2Te), Hm hematite (Fe20 3), 
Mg magnetite (Fe30 4), Mo molybdenite (MoS2), Po pyrrhotite (Fe(l-x)S), Pt petzite (Ag3AuTe2), Pv pavonite ([Ag,CuJ[Bi,PbhS5), Py pyrite (FeS2), Ru rucklidgeite 
([Bi,PbJ.iTe4), Sp sphalerite (ZnS), St Stuetzite (Ag5_,Te3), Sy sylvanite ([Au,AghTe4), Tb tellurobismuthite (Bi2Te3), Tr tetradymite (Bi2Te2S), Tt tetrahcdrite 
([Cu,Fe,Zn] 12Sb4S 13), Vn volynskite (AgBiTe2). 
112 
REFERENCES 
Afifi AM, Kelly WC, Essene EJ (1988a) Phase relations among tellurides, sulfides, and 
oxides: I. Thermochemical data and calculated equilibria. Econ Geol 83: 377-394 
Afifi AM, Kelly WC, Essene EJ (1988b) Phase relations among tellurides, sulfides, and 
oxides: II. Applications to telluride-bearing ore deposits. Econ Geol 83: 395-404 
Barton PB, Skinner BJ (1979) Sulfide Mineral Stabilities. In: Barnes HL (ed.) Geochemistry 
of Hydrothermal Ore Deposits, 2nd ed. John Wiley and Sons, 278-403 
Brew DA, Ford AB (1978) Megalineament in southeastern Alaska marks the southwest 
edge of the Coast Range batholithic complex. Can J Ea Sci 15: 1763-1772 
Brew DA, Karl SM, Barnes DF, Jachens RC, Ford AB, Horner R (1991) A northern 
Cordilleran ocean-continent transect: Sitka Sound, Alaska, to Atlin Lake, British 
Columbia. Can J Ea Sci 28: 840-853 
Buchan R (1987) Unpublished report to Echo Bay Mines Ltd. From R. Buchan 
(Lakefield Research), 6 p 
Buddington AF, Chapin T (1929) Geology and mineral deposits of southeast Alaska. US 
Geol Surv Bull 800: 398 p 
Cabri LJ (1965) Phase relations in the Au-Ag-Te system and their mineralogical significance. 
Econ Geol 60: 1569-1606 
Caddey SW, Harvey D, Buxton· C, Kato K (1995) Structural analysis of the Kensington gold 
deposit; deformation history, deposit formation, ore controls, and exploration guides, 
Juneau, Southeast Alaska. Internal Report to Coeur Alaska Inc: 1 7 p 
Coney PJ (1989) The North American Cordillera. In BenAvraham Z (ed.) The Evolution of 
the Pacific Ocean Margins. Oxford University Press, New York 
Cook NJ, Spry PG, Vokes FM (1998) Mineralogy and textural relationships among 
sulphosalts and related minerals in the Bleikvassli Zn-Pb-(Cu) deposit, Nordland, Norway. 
Econ Geol 34: 35-56 
Crawford ML, Hollister LS, Woodsworth (1987) Crustal deformation and regional 
metamorphism across a terrane boundary, Coast plutonic complex, British Columbia. 
Tectonics 6: 342-361 
Curator Resources (1990) Annual report to shareholders. Vancouver BC: 3 p 
113 
Drinkwater JL, Brew DA, Ford AB (1993) Chemical characteristics of major plutonic belts 
of the Coast Plutonic-Metamorphic Complex near Juneau, Southeastern Alaska. In: 
Geologic Studies in Alaska by the U.S. Geologic Survey, 1993. U.S. Geol Surv Bull 2107: 
161-172 
Eakin HM (1915) Mining in the Juneau region. US Geol Surv Bull 622: 398 p 
Echo Bay Mines (1993) Annual report to shareholders. Denver CO: 64 p 
Fairchild IJ (1983) Chemical controls of cathodoluminescence of natural dolomites and 
calcites: New data and review. Sedimentology 30: 579-583 
Friedman I, O'Neil JR (1977) Data of geochemistry. US Geol Surv Prof Paper 440-KK 
Gammons CH, Williams-Jones AE ( 1995) Hydrothermal geochemistry of electrum; 
thermodynamic constraints. Econ Geol 90: 420-432 
Gehrels G (2000) Geology and U-Pb geochronology of the western flank of the Coast 
Mountains between Juneau and Skagway, southeast Alaska. In: McClelland WC (ed.) 
Tectonics of the Coast Mountains, Southeast Alaska and coastal British Columbia. Geol 
Soc Am Spec Paper 
Gehrels GE, McClelland WC, Samson SD, Patchett PJ, Jackson JL (1990) Ancient 
continental margin assemblage in the northern Coast Mountains, southeast Alaska and 
northwest Canada. Geology 18: 208-211 
Goldfarb RJ, Leach DL, Rose SC, Landis GP (1989) Fluid inclusion geochemistry of 
gold-bearing quartz veins of the Juneau gold belt, southeastern Alaska-implications for 
ore genesis. Econ Geol Mon 6: 363-375 
Goldfarb RJ, Newberry RJ, Pickthorn WJ, Gent CA (1991) Oxygen, hydrogen, and sulfur 
isotope studies in the Juneau gold belt, southeastern Alaska-constraints on the origin of 
the hydrothermal fluids. Econ Geo 86: 66-80 
Goldfarb RJ, Snee LW, Pickthorn WJ (1993) Orogenesis, high-T thermal events, and gold 
vein formation within met~morphic rocks of the Alaskan Cordillera. Min Mag 57: 375-
394 
Gramstad SD, and Spry PG ( 1999) Mineralogical and stable isotope characteristics of the 
Berners Bay district, Alaska. Internal Confidential Report, prepared for Coeur Alaska, 
January: 47 p 
Harris JF ( 1992) Petrographic examination of samples from the Kensington project. 
Unpublished Report to Echo Bay Alaska, Inc: (Report 92-1) 
114 
Hayward CL (1998) Cathodoluminescence of ore and gangue minerals and its application to 
the minerals industry. In: Cabri LJ, Vaughan DJ (eds.) Modern approaches to ore and 
environmental mineralogy. Min Assoc Canada Short. Course Handbook 27: 269-325 
Honea RM ( 1999) Polished thin section examination of metallurgical test products. 
Unpublished report to Coeur d'Alene Mines, Inc 
Knopf A (1911) Geology of the Berners Bay region, Alaska. US Geol Surv Bull 446: 58 p 
Leveille RA (1991) Geology and gold deposits of the Jualin mine area, Berners Bay 
district, southeastern Alaska. Unpublished MS thesis, Fairbanks, University of 
Alaska: 200 p 
Marcoux E, Moelo Y, Leistel JM (1996) Bismuth and cobalt minerals as indicators of 
stringer zones to massive sulphide deposits, Iberian Pyrite Belt. Min Dep 31: 1-27 
Mardock CL (1988) Kensington mine ore characterization. Internal U.S. Bureau of 
Mines Memorandum to E. Redman: 3 p 
Matsuhisa Y, Goldsmith JR, Clayton RN (1979) Oxygen isotope fractionation in the system 
quartz-albite-anorthite-water: Geochim Cosmochim Acta 43: 1131-1140 
McClelland WC, Gehrels GE, Samson SD, Patchett PJ (1992) Structural and geochronologic 
relations along the western flank of the Coast Mountains batholith: Stikine River to Cape 
Fanshaw, central southeastern Alaska. J Struct Geol 14: 475-489 
McCrea JM (1950) On the isotopic chemistry of carbonates and a paleotemperature scale. 
J Chem Phys 18; 6: 849-858 
McKuaig TC, Kerrich R (1998) P-T+deformation-fluid characteristics of lode gold deposits: 
evidence from alteration systematics. Ore Geology Reviews 12: 381-453 
McPhail, DC (1995) Thermodynamic properties of aqueous tellurium species between 25 and 
350°C. Geochem Cosmochim Acta 59: 851-866 
Miller LD, Goldfarb RJ, Gehrels GE, Snee LW (1994) Genetic links among fluid cycling, 
vein formation, regional deformation, and plutonism in the Juneau gold belt, 
southeastern Alaska. Geology 22: 203-206 
Miller LD, Goldfarb RJ, Snee LW, Gent CA, Kirkham RA (1995) Structural geology, age, and 
mechanisms of gold vein formation at the Kensington and Jualin deposits, Berners Bay 
district, southeast Alaska. Econ Geol 2: 343-368 
115 
Mills JW (1974) Galena-bearing pyrite nodules in the Nelway Formation, Salmo, British 
Columbia. Can J Ea Sci 11: 4, 495-502 
Newberry RJ, Brew DA (1989) Epigenetic hydrothermal origin of the Groundhog Basin-Glacier 
Basin silver-tin-lead-zinc deposits, southeastern Alaska. Geologic Studies in Alaska by the 
US Geological Survey, 1988. US Geol Surv Bull 1903: 113-121 
Newberry RJ, McCoy DT, Brew DA ( 1995) Plutonic-hosted gold ores in Alaska: Igneous vs. 
metamorphic origins. Resource Geol Spec Iss 18: 57-100 
Ohmoto H, Rye RO (1979) Isotopes of sulphur and carbon. In: Barnes HL (ed.) Geochemistry 
of Hydrothermal Ore Deposits. Wiley New York: 509-567 
Ohmoto H (1986) Stable isotope geochemistry of ore deposits. Rev Min 16: 491-559 
O'Niel JR, Clayton RN, Mayeda T (1969) Oxygen isotope fractionation in divalent metal 
carbonates. J Chem Phys 51: 5547-5558 
Petsel SA (1992) Report on the Horrible Vein Deposit: Internal Report to Echo Bay 
Mines: 83 p 
Redman EC (1983) A geologic evaluation of the Jualin property, Berners Bay, Alaska. Internal 
confidential report for Hyak Mining, Juneau, Alaska: 14 p 
Redman EC, Kurtak J, Mass K, and Miller LD (1992) The Juneau gold belt subarea. U.S. 
Bureau of Mines Spec Pap: 424 p 
Redman EC, Caddey SW, Harvey DB, Jaworski MJ (1997) Mineralization and structural 
controls in the Kensington mine and the Berners Bay district, southeast Alaska. Northwest 
Mining Assoc Proc Vol 1997: 7 
Redman EC (1998) Structure and mineralogy in the,Kensington mine area: Unpublished 
Report to Coeur, Alaska, Inc: 30 p 
Redman EC ( 1999) Some thought and interpretations on the Jualin mine area. Unpublished 
Report to Coeur, Alaska, 17 p 
Rubin CM, Saleeby JB, Cowan DS, Brandon MT, McGrader MF (1990) Regionally 
· extensive mid-Cretaceous west-vergent thrust system in the northwestern Cordillera: 
Implications for continental margin tectonism. Geology 18: 276-280 
Sabir H ( 1979) Study of the geology and mineralogy of the polymetallic sulfur 
mineralization of Jabal Sayid (French). Unpublished PhD thesis, University of Orleans, 
France: 174 p 
116 
Samson SD, Patchett PJ, McClelland WC, Gehrels GE (1991) Nd isotopic 
characterization of metamorphic rocks in the Coast Mountains, Alaskan and Canadian 
Cordillera: Ancient crust bounded by juvenile terranes. Tectonics 10: 770-780 
Schaff J (1993) Report on the Comet vein exploration program: Internal Confidential 
-- Report to Echo Bay Alaska, Inc: 16 p 
Schulman JH, Evans LW, Ginther RJ, Murata KJ (1947) The sensitized luminescence of 
manganese-activated calcite. J App Phys 18: 732-739 
Sibson RH (1981) Fluid flow accompanying faulting-field evidence and models. In: 
Simpsori D, Richards P (eds.) Earthquake Prediction, an International Review. Amer 
Geophys Union, Maurice Ewing Series 6: 593-603 
i 
Sommer SE (1972a) Cathodoluminescence of carbonates 1. Characterjzation of 
cathodoluminescence from carbonate solid solutions. Chem Geol 9: 257-273 
Sommer SE (1972b) Cathodoluminescence of carbonates 2. Geological applications. 
Chem Geol 9: 275-284 
Spencer, A (1906) The Juneau gold belt. US Geol Surv Bull 287, 161 p 
Spry PG ( 1987) A fluid inclusion and sulfur isotope study of precious and base metal 
mineralization spatially associated with the Patch and Gold Cup brec;:cia pipes, Central City, 
Colorado. Econ Geol 82: 1632-1639 
Spry PG, and Gramstad SD (1998a) Preliminary studies of precious and carbonate 
minerals in the Berners Bay district, Alaska. Internal Confidential Report, prepared 
for Coeur Alaska, January: 42 p 
Spry PG, and Gramstad SD (1998b) Precious metal and carbonate mineralogy of 
the Berners Bay district, Alaska. Internal Confidential Report, prepared for Coeur 
Alaska, June: 51 p 
Templeton AS, Craw D, Koons PO, Chamberlain CP (1999) Near-surface expression of a 
young mesothermal gold mineralizing system, Sealy Range, Southern Alps, New 
Zealand. Mineral Deposita 34: 163-172 
Ten Have T, and Heijnen W (1985) Cathodoluminescence activation and zonation in 
carbonate rocks: an experimental approach. Geologie en Mijnbouw 64: 297-310 
Tian S (1994) A gold deposit related to sub-alkaline rocks and some possible new minerals 
(unnamed) in them, Dongping Hebei Province, China. Internat Min Assoc Abstr 16: 408 
117 
Wedepohl KH, ed., (1969) The handbook oJ geochemistry, volume I. Springer-Verlag. 
Berlin: .442 p 
Wiggins FM (1997) Mineralogy and geochemistry of alteration at the Kensington gold 
deposit, southeastern Alaska. Unpublished M.S. thesis, University of Alabama, 
Tuscaloosa, 206 p 
Yanagisawa F, Saka~ H (1983) Thermal decomposition of barium sulfate-vanadium 
pentaoxide-silica glass mixtures for preparation of sulfur dioxide in sulfur isotope ratio 
measurements. Anal Chem 55; 6: 985-987 
Zhang X and Spry PG ( 1994a) FO2PH: A Quickbasic program to calculate mineral stabilities 
and sulfur isotope contours in logfOz-pH space. Mineral Petrol 50: 287-291 
Zhang X and Spry PG ( 1994b) Calculated stability of aqueous tellurium species, calaverite and 
hessite at elevated temperatures. Econ Geol 89: 1152-1166 
118 
ACKNOWLEDGEMENTS 
Most of all I thank Dr. Paul Spry and Earl Redman. Dr. Spry' s high standards and 
undying interest in this project (not to mention his and Mr. Redman' s original ideas for the 
project) are responsible for its success. Mr. Redman's great knowledge and familiarity with 
the Berners Bay mining district were vital. His frequent communications and unique 
perspectives kept our minds sharp. Thank you to Dave Harvey and the Coeur Alaska Mining 
Co, Inc. for the interest and financial support. Many of our important mineralogical findings 
occurred while using the ISU Geology Department's micropr9be, and I thank Alfred Kracher 
greatly for his constant attention to the instrument, as well as his interest in this project. 
Thank you to Scott Thieben for instructing me in various laboratory methods, as well as 
always being available to help with my questions. Presenting and writing reports on this 
research as it progressed allowed me to develop my ideas and learn from others. My 
presentations would not have been possible if not for technical help from Mark Mathison, 
John Baldwin, Frank Casey and Jill Rosenburg. Thank you VERY much for helping me to 
get past those obstacles. Thank you to fellow telluride researchers Nancy Scherbarth, Jill 
Shackleton and Dave Pals for your interest and conversation. Thank you very much to Dr. 
Robert Brenner and Dr. Jay Gregg for_the use of your CL microscopes. Your instruction and 
advice were greatly appreciated. Carbon isotopes were ran by Dr. Kevin Shelton, and sulfur 
isotopes by Dr. Edward Ripley. Results were prompt and accompanied by useful statements 
when we requested them. Finally, thank you very much to the others (family, friends, 
teachers, and committee members Dr. Carl Jacobson and Dr. Bruce Kjartanson) who have 
shown interest in and support for this project and for my development as a geologist.. 
